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EDITORIAL NOTE 


We offer our apologies to the members of the Indian Statistical Institute and 
subscribers to Sankhya for the delay in publishing Vol. 7. Early in 1942 a big portion 
® те ш ВО Including the main library and all valuable ои. 1 
shortage of C: 0, Giridih, а place 206 miles away from Calcutta. Owing b 
е 5 paper, lack of printing facilities, and difficulties arising from the war situation 
с north east India we were unable for a long time to arrange regular publication of 
Bankhya. Printing of the current number me further delayed by the promulgation of 
the Paper Control Order by the Government of India in 1944 which required the number 
mess of every journal being reduced by 70 per cent. As a result of our representa- 
Hons special Sanction was given by the Government of India relaxing the above limit 
dim Fais extent in our case. Some of the other difficulties have also been 

© and we hope to be able to issue the journal more regularly in future. 


number eat 2 dislocation in our printing and publishing arrangements ia large 

We intend to dens Pi court tad, for which we offer id apologies to the contributors. 

have to do this 55 tno aa papers as quickly as possible but in maoy cases we ahal 

as condensed a form as Sas ани We shall also be obliged to publish all articles in 

co-operation of all our Al until paper position improves, and we earnestly seek the 
ributors in this matter. 


P. ©. MAHALANOBIS 


ON GRASSMANN AND DIFFERENTIAL RINGS AND TEEIR 
RELATIONS TO THE THEORY OF MULTIPLE INTEGRALS 


By SHIING-SHEN CHERN 


Tsing Hua University, Kunming, Chinn. 


INTRODUCTION 

During my lectures“ given under а friendly invitation of the University of Caleutta 

T have spoken about the theory of Grassmann and differential rings. The role that this 
calculus plays in the theory of multiple integrals is well-known and it is of little doubt that it 
will b» a useful tool in many statistical problems. I compile in this paper the fundamental 
propositions of the theory. The paper being expository in character, 


Г have freely drawn 
upon results from the sources which Т give in the bibliography 


at the end of the paper. 
9. AXIOMS AND FUNDAMENTAL PROPOSITIONS OF A GRASSMANN RING 
9 7 124 i =] itv eleme F 31 я { E 
Let В bea ring with unity element and consider an n-dimensional vector space G 

7, den: 1937 a d J " Я . — * 
over R (Van der Waerden : 1937). Let Tias oe, n be a set of basis elements. of G. To 
define a Grassmann гіпо we suppose the products of b 


asis elements be defined, with the pro- 
perties : 


(1) The multiplication is assoriative : . (rja) == Grarg)as, : 


(2) 1j -.. (3) ayt=0, 


We take the unity element of р (denoted by 1) and the different products * My, 
(rz, , n), as the basis elements of 
this vector Space by В (2... 
to hold : 


а vector space of 2" dimensions over В and denote 
eO) or simply R(x). By supposing the two distributive laws 


а (be) uh. (He a=ba ed. abecR(e), 


We can define а multiplication in (е). Then R(x) becomes a ring and is а hyper-complex 


system or an algebra of rank 2" over the ring B. Owing to this particular way of definition 
R(x) is calle Fase а Е Se awe көр 1? 
(x) Ча Grassmann rng ога Grassmann algebra of dimensions » over В. 


We proceed riv iti Га С i 
I to derive Some fundamenta] propositions of a Grassmann ring. 


First of all. it is evi mE Р " 
Я dent that ап element of R(x) can be written in one and only one way 
in the form 
R 
where z'"eR and - 


af La, 


. | 
1 ir Fy ек, €i view dy ER; Bes acu . (#1) 
mmation being extended over all combinations ; . 
the su je We can also write ations of I. 2, u taken r at a time, with 
ees Shee eca E 
T (2:3) 
ipei 
* Calcutta, July 21. 22, 23 and 27. 1943. = 
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ic i гет indices oth 
i: ici to be skew.symmetrie in the lower indices. In b 
if we assume the coefficients а, ir : А 


—0. Inanalogy with 
"= when: when a =0. gy 
expressions (2-1) and (2-2) we have x” —9 when and only whe TM ak 
i This 9 ial іх sa 
і : ү al. This polynomi 
the case ofa polynomial ring vis sometimes called a polynomial I 
be of degree „ if 


1 


gi. 


SUE а 


гу is called а monomial. 
А on E З le =at . i iS Cal 
If rte, we say that it isa form of degree r. An element i К 


: yv (I). 
1 s respectively, then yr=(-1)" r? 
Theorem 1. If and y are two forms of degrees г and s respectively 


" ve the 
18 8 we can then mo 
Proof. If x and y are monomials, the theorem is evident, for The general formula 
я ый Ч sien. g 

factors of y to the other side of v, causing altogether rs changes of sig 

then follows from the distributive laws. 


i г 81 e Torm. 
х li 'e takes articularly simple f 
Ina Grassmann ring the notion of linear dependence takes a part. a 
To establish this notion we shall suppose R to be a field. 


Lot / 
if there ex 


ПАА nt. 
и, be relements of R(x n). They are called linearly esc 
e$. be x elements ME, езү orta " — If the equa 
ta, а, CR, not all zero, such that apu, +... + eu, =0. 3 
ааб ё 
holds only whe 
Of particul 


= = i rly d ide pendent. 
na а, —0, the elements e. % are called linearly qi T 
=. Eme , $ 5 = | d 
s | E i г forms. Then we have 
i i in whi are ear forms. 
ar importance is the case in м hich Uis- . % are lines и 
* х if a UV 1 
i { are linearly dependent, if and only 
"heorem 2. The linear forms Uis- +s И, are linearly dey 
7 . %% 20. 


u А 
: i = T ij ai, 451, 
Proof. To prove this let us put и, = Y dij tj, 
* 
Then we have 
ац, ai, 
ü = ч . ч 
"n "s — E27 s. 
11 .. . Ol 
Lm Arip 


where the 


summation is e 
the theor 


7 is r ion 
MOS р rom this relat 
xtended over all combinations of M — B 
em follows. 


Corollary, If 


= e is i гс ination of 
- s а linear combi 

WE Ur 0, т... 4,—0, then Ar З а 
LTEM 


3. AN EXAMPLE 
The object of this se 


; » istorically 
ction is to give an example of a Grassmann ring. H 
this example was essenti 


г 
і dus. We 
ally the way that Grassmann first formulated iin ie vers 
give here this example, not only because of its historical and geometrical interest, 

of the fact that it Proves the consistency of dur axioms, 


Consider the ring R and adjoin to it » sets of variables 


SG f. эф 20 
S 2 «eis Ri Dus 218 


H - [60] p aD 
been PUE э EOS 2 


We put 
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— Gp Gy) 
and [xi а= z, т 
1 b г 
> | 
" | р = га А | 
Чә Tolg Жу hun ej mess ah АИ. 


To define a Grassmann ring we consider expressions of th» form 


(iy) Gy) „Ar! CIT 
T (= e, an; „; , , , 3, 
which have the following properties : (1) they are linear in each set of variables; (2) they 
change their sign when two sets of variables are interchanged. As elements of our Grassmann 
ring we then take the sums of such expressions and elements of В. Denoting their totality 
by R(x), we see that an element of P(x) is of the form 


ха-ха... E C e i ee 11 14 , 


uec, 


where the a's belong to R. In R (x) there are defined addition and multiplication by ап 


element of В. The multiplication of two arbitrary elements of R(x) is defined by the rules 


that the associative and distributive laws are universally valid and that the product of two 
“bracketed expressions” is defined by 


E pt x, | Ls, ... a =E, Ded Tj e „J. if sen .. (30 
[, vins zy, | [а, em | =0, Шиа >n. se (89) 


With addition and multiplication so defined it is not- difficult to verify that the 
elements of R(x) form a Grassmann ring. The multiplication in the ring is called exterior 
multiplication, in order to distinguish it from ordinary multiplication. 


4. DIFFERENTIAL RINGS 


intro- 
rstaxiom the follow- 


From a Grassmann ring we can arrive at the notion of a differential ring by 
ducing an operation, called differentiation, concerning which we take as fi : 
ing: 

1. There exists a ring R', containing R, such that to every 


element Re а there 
H ^ 1 
corresponds in RA ..., 2) a unique form 


n 
а! 57918 *, 7 Bi 
which is zero or linear, called the differential of а. The differentials of sums and produets 
in В satisfy the equations 
(a-- B) —a' 4- B', 
(aB) eh. he 


isfied , we say that Ris differentiable in В’. 


.. (41) 
.. (4-2) 


If this axiom is sat 
4 
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We extend the definition of differential to R (а, . <- 25) by supposing ево ОЕ 
property to hold 


2 
(+y =r , у (у, ta) (421) 


and by defining the differential of a monomial to be 


Seed, lays 
| 


„ D 
Uae, = 


В г Ў туе st of degree (r+ 1). 
It follows that the differential of a polynomial of degree r in R(x) is at most of degree ( ) 


‚ Р ilv the theorem: If «and 
For the differential of the product of two forms we prove easily the the orem. 


y are forms of degrees г and s respectively, then 
" 4:3) 
(nj) ay 4 (П). ( 

; б : iatelv fr > definition. 
In fact, when w and y are monomials, the relation follows immediately from the defit 


җе А s e relati 21). 
The general formula then follows from the distributive law and the relation (4.21) 


E Pct 2 " " " z „ill be called a 
With a law of differentiation defined in the Grassmann ring the ring will be calle 


differential ring, if. besides the last axiom, the following axiom is satisfied: 


(«')' = 0. 


2. The ring R 


MBs : Е : " А о ти ы 
is differentiable in a ring R” and, if ағ R, we have 


(a^)! = (e) = S 5; (ora). 
iet 37 


a 1 


Hence the second axiom is equivalent to the condition 3,(8;,4)—3,(8;,a4)—0. From this 


axiom follows the important theorem given below. 
T D А n s t. 
Theorem 3 (Poincaré). For any ze R(x) we have (x“) . 


| | И Р 4 ; the case 
Proof. Because of (421) it is clearly only necessary to prove the theorem for the ¢ 
that visa monomial : 


ct ... Ue 
„| = 


In this case we have 


n 
div. ULT ETE LU 
Hence the theorem, 


e most i " " — = S ws we take 
Th st important example of a differential ring is constructed as follows: we tak 


R ` a rine of CD" , hi ifferen- 
ч to be a ring of functions Хи, ..., ин) of п real variables t, ..., tn, Which are diff М 
tiable upto е second order inclusive. We construct over В the Grassmann ring 

” В 3 H krass. 
R(du,,. ..,du,) ог R(du), whose basis elements are the differentials du... dun. The Grass 
mann ring R(da) will become a differential ring, if we define 


== A. ац. .. (44) 
11 21 


A form in the differential ring R (da) is called an exterior differential form. 
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5. TRANSFORMATION- FORMULAE OF MULTIPLE INTEGRALS 
Let € be an exterior differential form of degree r: 
Jet t ез 
К 5 
Mes E * up het HA, Idus, "E 
MEI I Le 


ions E are skew-symmetric in their indices. 
"i i, are functions of u,, . ++) Un and are skew sy 
where a . i, are 


We shall define the value of the integral | 


over an oriented simplicial 
D 


domain D of an 
n-dimensional manifold M. By such 


a domain we 
coherently oriented simplexes in 


shall mean 
a simplicial decomposition of M. 
B A 
D=¥ л E, 


isl 


a domain which is a sum of 


Symbolically we can write, 


y A : H 
Where Е, are oriented. r-dimensional simplexes and А 7:0, 1, —-1 


i= We then define 


E .. (51) 
r 

at the value of the 
orient 


From this definition it follows th integral is invariant under subdivisions of 
D and changes its sign when its ation is reversed, 

To give a definition of the integral in question we пе 
oriented Simplex, say E,. 


ed only define its value over 
Let E, be defined by the equatior 


an 
s 
aV c(t, seat), i=1, ees s (5-2 
"Then we define rule : | 
n 
| a= 1 | X f Stn. uL ш dt, 
$E y M tH 501. d 
ч, al^ ipe 21 71 


where E, denotes the domain of the SPACE: (rr casi.) хоне imag, 


last integral, being an integral of degree r over a domain in 


fined in textbooks on analysis. 


© under (5.2) 


is E.. The 
an r-dimensional Manifold, is de- 
This definition is independent of the choice of E, and the 
In fact, let 


Coordinates f assess D 
f=t(t,*, ..., ir), i=1,. Seas 
be a one-one transformation of the domain E," of the Space (f, * 


„er“) on to E. 
Then we have 


(ui, зз» 2117) 


809 Seca 
: dt. dt. =g, ° ИИ, ie) S br %) " 
RAM Sci, n) ^ Mo к A . dir 
ЖУО 
ы” 


TM me NL * 
Bugs) di. dr, 


hich shows that the value of the integral depends only on E,. 
which shows 


6 


-— 2 m 


— 


— 


— — SaaS! 
:ñ; 1 
"с —ñ—öẽb . — ÀÀ 
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The fruitfulness of the notion of an exterior differential form in the theory of multiple 
integrals is based on the following two theorems. 


т - ; 3s ncs 1 e co- 
Theorem 4. The value of the integral a is independent of the choice of th 


D 
ordinates uj, . и, on the underlying manifold M. 
Proof. Let a change of coordinates on M be defined by the equations 


* ^ 
M iit oui). I. 


є 
With the new coordinates 4,,... . % we have 


Инш эч quie dus 


T e uj *) 


8 " р А T Ж" жй j prasi 
the summation being extended to all combinations of i, <... , and toall / . . j=l, 1 

= e " & А B > verifie rom пе 
That the value of the integral remains imchanged ean be immediately verified fror 
definition. 


; € 1 WE shoice of coordinates 
The ordinary definition of a-multiple integral depends on the choice of coord н 
„з В ч 5 le ^ ега 
80 that a theorem is necessary which gives the transformation of a multiple integral un hi 
о 5 6 š А ; ifferenti rm, this 
change of coordinates. By making use of the notion of an exterior differential form, 


theorem takes a patricularly simple form. 


, 
Theorem 5 (Stokes). Let C be a domain whose boundary is D. Then [ 2 = | Qt. 
D с 
М nis 11 N. 
Proof. It is only necessary to prove the theorem for the case that C is a simplex 
In this case the formula is, however, easily verified. 


It might be interesting to consider some partieular cases of this theorem. In fact 
we have 


(1) =( s ) dady, if Q=P(x,y)dx d: 


ór бу 
P a= Q9 Prose (-S), (SEB a: 


if Q=P(x,y,2)dv+ Q(a,y,2)dy+R(a,y.2)dz ; 
LSR PN 1 
oer Qu 82 Уагаца:, if Q=-P(2,y,z)dydz , ) dd NR (x,y, )dady. 


In this case we find, 


as special cases of the last theorem, the well known formule 
of Green and Stokes, 


6. CONCLUDING REMARKS 


There are different ways of forming a set of axioms for the Grassmann and. differential 
The one adopted here seems to be the best suited to our purpose. A set of axioms 
ulfils the requirement of rigor and elegance in the spirit of modern abstract algebra has 
ven by C. Chavalley in an unpublished manuscript. 


rings. 
Which fi 
been gi 
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; = y >а asd Tris air can only 
The multiple integral of an exterior differential form over a simplicial doma Ё 
i i se is mi the ions of combinatorial topology. -A5 
be defined in a rigorous way, when use is made of the notions of со E sodes 
no attempt has been made to go into formal definitions, our treatment is — r 
i i i ; ( the > main ideas have been mae 
satisfactory so far as rigor is concerned. But we hope that the main ideas gn 
і i ni me ог. 
clear, so that the reader can supply the details needed to his own judgement of rig 


In utilising this notion of multiple integral we must not fail to mention that the nore 
tion of th» domain plays an important part in the definition. It follows wast such a ~ aod 
integral is by definition a signed quantity. In this respect it differs шш ially iran 3 
tegral which results from the measure theory, for instance, a Lebesgue integral. И ш н н 
fore important to remark that when the absolute value of the integral is under gonsde pa — 
we must divide the integral into its positive and negative parts and add up their absolute 
values, not their signed values. 


- 


The theory of Grassmann and differential rings has played an important role in the 
theory of differential systems, in differential geometry, and in topology. It was extensively 
and successfully employed by E. Cartan (1922 & 1937). Recently it has been proved to be 
useful in integral geometry, which emerged in mathematics first as an extension of the theory 
of geometrical probabilities, but is now reaching the х 


ave of an independent branch. We give 
in the bibliography a list of works in which interesting applications of the theory ean be found, 


Before concluding we wish to mention one interesting fact. The Grassmann ring of 


dimension two over the field. of real numbers consists of elementi of the form e : Bx such that 


x*—0. Such an element is called a dual number by E. Study. The dual numbers can be 


employed to establish certain analogies betwee 


и linc geometry in space and plane euclidean 
geometry and to study the so-called "equilong 


transformations" in the plane. 
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GENERALISATION OF MARKOFF'S THEOREM AND 
TESTS OF LINEAR HYPOTHESES 


By C. RADHAKRISHNA RAO 


Statistical Laboratory. Calcutta 


INTRODUCTION 


The general theory of linear estimation, without involving the assumpions of nor- 


mality or independence of variates was first given by Markoff in his book Calculus of 
Probability published in Russian. Sheppard (1912 and 1914) working independently 
published some results which are approximately on the same lines as that of Markoff, but 
of a less general character, А distinet advance was made by Aitken (1935) who removed 
the unnecessary limitations in both Sheppard's and Markoff's results. Recently David and 
Neyman (1938) have published an article giving a slight extension of Markoff's theorem. 


A significant step in generalising the theory of linear estimation is due to Raj 
Chandra Bose (1943), who. for the first time, introduced the concept of nonestimable parametric 
Junctions. He distinguishes two types of linear functions of stochastic variates ; the estimating. 
functions and the error functions. А linear function BY'— (biy; + bye +++ Вы) of the 
stochastic variates ix said to belong to error if E(BY')——0..— The totality of the indepencent 
vectors such as B constitute a vector space which is called the error space. The vector space 
orthogonal to this errror space is called the estimation space, and the best unbiassed estimate 
of any estimable parametric function comes out as the scalar product of the vector 
VG Yor sees Yn) of the stochastic variates and a vector C. of the estimation space. The 
present paper is the result of ideas suggested by Bose's results (1943) and his post-graduate 
lectures in the Calcutta Unive sity in 1943-44 on the general theory of linear estimation 


anc a fi $ UM " 4 " n 
l the fundamental structure of the analysis of variance. 


in tl l'he object of the present paper is firstly to take up the most general problem 
in the Бе eM i Е | j | | à 4 
a ory of linear estimation and get suitable generalisations of the previous resulis and 
secondly t итче AE AA ge j 
y to derive tests of significance connected with linear hypotheses. 


S. que à ч 
2. THE GENERAL PROBLEM OF LINEAR ESTIMATION. 


Let Y= : 
o —(0, 0 Series %) be the vector of n stochastic variates Yp Yz.. Yn and 
YS е Шы 2 X Ud afi usc 7 pes a —TA' 
where Testes zy. e the vector of expectations of e! sse It is given that @=TA 


ar Der mese 2 Wn sape of m "isto ранна and А is а known matrix 
ция dns 8. | l'he transpose of a matrix is denoted by a dash. | Here we do i 
а. The sis 155 ha pais relations between n and т or make any restrictions on the йй 
e der e ibis boi lien than or equal to the smaller of т and n. pv 
A of rank & ах A--E(Y ie relationships among the %s we can get a positive definite Piin 
which case A is referred to я s > " 13 ечи * Pamies * e: жандана ru 1 
assume that A is known ap: t à е dispersion matrix of the stochastic variates of Е We 
Е АУА: apart from a constant multiplier and that its elements are finite. 
пои ко ыы ея ECT, are known as observational equations and а 
on such as LT’ where L is a given row matrix is called a parametric function. 
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The biem of linear estimation is to find a linear function ВУ’ of the stochastic variates 
2 yrobie ar es 
f i FT EAT 
(a) БҮБҮ HI independently of Л 2 
and чу V(BY’) is minimum 


where V stands for the variance. If there exists a vector В such that (a) is satisfied бей 
LT" is said to be estimable and ВУ’ is called an unbiassed estimate of LT”. If further, (b) is 
satisfied then BY’ is called the best unbiassed estimate of LT". 

3. THE GENERAL SOLUTION OF THE P 


ROBLEM OF LINEAR ESTIMATION 
The definition of unbiasse 


dness involved in (2.1) gives that if, 
LT'zE(BY')e- BE(Y')- BAT* (3.1) 
Also if В is such that L— BA then LT'-BAT'-E(BY'). This gives the 


result : the necessary and sufficient condition that LT" i estimable is that there exists a rector 
B such that I. BA. 


then, L- ВА. 


From the set of B’s satisfying the condition L= ВА we have to choose B such that 
V(BY’) is the least. 


V(BY')=E[B(¥’— 6) (Y —9)B/]— BAB’ 


(3.2) 

Introducing the vector 2C=2 (cies... 0m) of Lagrangian multipliers we have to minimise 
"BAB'—2C(A'B'—L') with respect to the elements of Band С. This leads to 

BASCA" and LBA (3.21) 


Defining A ! as the inverse of A we get 


BAAt=C А” A or Веб A’ да 


.. (2:22) 
Using the relation L=BA we get, L=BA=CA'A"'A which is another forn 
and sufficient condition. If C is found to satisfy L—CA'A А then Bx 


1 of the necessary 
САА © and the best 
unbaissed estimate of ІЛ" is given by BY'=CA aly", 


We prove here some uniqueness results. If C, and C, 
the relation L—CA'A-! A, then 0—(C, -C) ACA. 


аге two vectors satisfying 
from (3.22) corresponding to C, and С. then (B,- 


If B, and B, are the two vectors derived 
Be) -C AA, Since 
CCA, (y 

7(0,—0.)A'A? A(C, — Gy est: [0—0 


VB. -B. У) 


aj = (3.3) 
we get that B. B; for the variance of a linear function of stochastic variates cannot be 
zero without the coefficients being zero, 


This leads to the re 


eta 2 sult that the vector В Ae the Б 
unbiassed estimate ВУ” is unique for all 


est 
C's satisfying the relation L= CAN. 
If В is the vector derived in (3.22) and D is any other vector such that L=DA 
and is also а best unbiassed estimate of LIT’ then $ | 


V(DY’)= DAD'—BAB'--(D— B)A B'-— BA(D' 
BAB“ (B D)A(B'—D') 


* (8.4) 
for BA(D'— В") -(D—B)AB'—(D—B)AA- 'AC'—(D— BJAC =0 


—B)+(B—Dyacye рә 


‚ (341) 
(В РАВ” D) being positive definite cannot be negative. Hence the least variance is 

i when В Y =, which leads to the result that the caleulations involved. in (3.22) give a | 
given WHE аис 

que. vector B such that VIBY’) is the least 
unt 
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4. EXTENSION OF MARKOFF's PRINCIPLE 
From V. we construct the vector Q=(Q, Ө,.... Qn) composed of m linear fune- 
tions of ух defined by Q=YA TA. If LT’ is estimable then we have L=CA’A7A which 
gives that Г САА ТАТ = СН’ where, 


H- E(Q)— E(Y)A ТА = TA'A TA e ФА) 


Since the best unbiassed estimate is given by BY'—CA'A !Y'—CQ' we ean restate the result 
of section 2 ax, if there exists a vector C such that LT’ H, then LT" is estimable and the best 
unbiassed estimate of LT’ is given by СО’ where Н and Q are as defined in (4.1) and it is 
unique for all C's satisfying relation L .. 

Let T= (i t... elm) be a solution of the equations Q=H. Since Lr OH- we 
get LT СН’ СО’ where H denotes the matrix obtained from Н by replacing T by T. га 
we get the following rule of estimating any estimable — function. We get а solution 
of the equations Q= И solved for z's, and substitute the Us for 7's in the given parametric function. 
This gives the best unbiassed estimate of LT’ and is unique for all solutions of zs. The proof . 
of the latter part of the statement follows from the fact that whatever may be the solution, 
хо long as Н gives Q we get LT’ — CQ’ where L'T'—CH'. 

We shall now — the effect of substituting a solution of Q=H in a non- -estima- 
able parametrie function NT’, И Т,. and Ту are two solutions of -H. such that ТТ, 
then (ХТ) E(N'I^.).— For if E(NT",) ENT) then 


ENT: ТО or NT IT) .. (42) 


for (T. — Te) being а non-null solution of the homogeneous equations Н —0, is independent of 
Q's and hence, of the stochastic variates. The result (4.2) shows that N belongs to the 
matrix of equations H —0 or N = СА’АТА which means that NT" is estimable contrary to our 


supposition. Again, if T is a solution of Q=H, and if NT’ is homogeneous in ½ % Yn 
then E(NT') Ner- when and only when NT’ is 1 for otherwise it means 5 8 Me 
exists a linear homogeneous function of Ves such that its expectation is NT’. Also the 


result of substitution of T in an estimable parametric function NT’ leads to à homogeneous 
ex 

pression in y's. So we get that the result of substitution of any solution T of Q—H in a 
A recae, 
parametric function LT". leads to the best unbiassed estimate of LT’ if and only if 


(i) LT" is homogeneous in ух 


» (4.21) 
(ii) E(LT')—L'" 


А non-esti 
imabl 
© parametric function will show forth either in violation of (i) or (ii) or in 


giving two differe 
ifferent expressions for two different solutions of H. We need not test for 


estimability before i i 
applying Марков principle of substitution. The above discussion shows 
that we can add a consistent, 
equations in 7z's no 888 
1 T t necessar ily linear to Q—H and get a solution for substitution. 
The equations i i ine 
; a anong Q=H are called normal equations and are readily obtained by 
equating the partial derivatives of 


and a convenient and sometimes conventionally choosen set of 


х X AU(y; 01) (y,—0,) — (03) 


where ДАШТ, рр 
zero: 


+ n) are elements of the matrix A, with respect to ту, Ta. ++) Tm to 


р 
e проте e ; m an жа: dx З -tha 
The above equations Q—H are always solvable. To prove this it is enough to show that 
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if D isa vector such that DH! o, then DQ’=0. DH’=0 implies that DA‘ AT A= 0 and 


V(DQ’)=V(DA'ATY)=DA‘ATAA AD! = DA AAD = Ob! = so (4-4) 
which shows that DQ’=0 if, DH'=0. 


We now prove some results which give the number of estimable and non 


estimable parametric functions. 


(a) If NQ’==0, then the parametric function ХТ’ is not estimable. For, if NT” is 
estimable then NCAA iA and NN'2NA'AAC'—0 for NQ'—0 implies that NH'—0 and 
this (NN'—0) is impossible unless N=0. 

(b) There cannot be any non-vanishing linear function of Q’s whose expectation is 
zero for it can be easily shown that the variance of such a linear function, if it exists, should 
be zero. 

(c) The rank of А’'АТА is the same as the number of Q's which are linearly 
independent, and also of the number of linear parametric functions that are estimable. This 
follows from (a) and (b) given above. Since the rank of АА ТА is the same as that of A it 
follows that the number of estimable parametric functions is equal to *s' the rank of A which 
is less than or equal to the smaller of m and n. 


The number of non-estimable parametric 
functions is therefore, (m—s). 


If the rank of A is m, then all parametric functions are estim- 
able. 
5. INTRINSIC PROPERTIES OF NORMAL EQUATIONS. 

Phe normal equations are Q=—TA'A ТА. The dispersion matrix of Q,, Ga. .... Qm is 

E[(Q' H') (Q—H)]— E[A'A(Y' —o')(Y — о) А] 

AAA ASA AA (5.1) 

which shows thet variance (Q;)=coeficient of 7, in the i-th normal equation and covariance 

(Qi Qj) = coefficient of 7; in the i-th normal equation. 
If L, I" is estimated by С, ,L. 2, .. . . ) then 
V(CiQ') 2C;jA' A"! AC'; 2 L,C;' 

Cov (Ci) (CjQ)] 5 CjA A" AC'; ==", (5.2) 

Let us eliminate т, from the equations O TAK A by the usual method of sweep- 

out. We divide both sides of the first equation by the coefficient of 7, and subtract it after 

multiplying it by the coefficient of 7, in the ;-th equation from the i-th equation. We now 

get (m—1) equations which can be represented by Q,=T,B’. It is easy to show that these 

equations also satisfy the properties of normal equations given in (5.1) and (5.2) above, The 
dispersion matrix of Q,'s is B and if L,, T’, is estimated by C Q’, then 

V Q'i)— Li C'a 

Cov (С Q^) (Cj; Q')]- Lii C= Li C'i (5.3) 

These results hold good even if we eliminate more than one т, the resulting equations satisfy 

these intrinsic properties of normal equations. | 


6. THE NATURE OF LINEAR HYPOTHESES, 


nS е as involved in the theory of linear estimation is € 

[he hypothesis inv olved i ) Ans estimation is the assignment of 
the values of a single parametric function or a set of parametric functions. The necessary 
tatistics and their distributions when the stochastic variates form a multivariate normal 
statistic: 


tem are discussed below. The problem of distributions for other types of populations 
зувгеш € & " 


| be discussed in a future communication. 


wil 
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If LI is an estimable parametric function with a specified value & and its best 
unbi ssel estim ite is CQ’ then to test the hypothesis LT'—£ we construct the statistic 


=(CQ’ —8/4 CL’ .. (6-1) 
which becomes a normal deviate with unit variance. We can extend this result to test the 
composite hypothesis L, ЕР, 2.. .&<s). Let P=(P, Pa: Р) be the vector giving 
the estimates of LT’ Ei, LT” e sae Dy 6 with 115 dispersion matrix of 


Рх us D. Nellen ing Fisher's (1939) tec ШИША we take GP' а linear compound of P's, where 
G=(9; 9.:....9,) With its variance GDG' апа maximise the statistic 

uo 

(GP-) GG. — (62) 

If we denote by V the maximum value of * we get V as the root of the determinental 

equation |P’P—VD]—0. This gives V —x xd" P, P; where dï are the elements of matrix 

D^, the inverse of D. This may be called. the generalised variance statistic. This statistic 

is invariant for any set of relations derived by linear combinations of the relations L, T’—&. 


For in every ease, we will be led to maximise the expression 
d во 
V —(GP^:;GDG' (69) 
where the elements of G are linear combinations of the elements of G with which we started. 


Under the normality assumption we get the distribution of P's as 


Const. € E y те. dP; . (63) 
where V —xXxdi P, Pj .. (6.31) 


from which it immediately. follows that the distribution of Vis 
422 ^ 35 
Const. [exp (УЗ V dV 66.320 
which is the distribution of x? with Y degrees of freedom and it supplies the distribution of 
the V-statistie on the null hypothesis. 
А If the quantities $;— L, E= for at least а single i, then there js departure 
from the null-hypothesis. We define the quantity 


$—xxdi $, $i — 
which i R ý 
s also invariant for any linear combinations of o's. И we transform the estimating 


functions p^ 
s | x 
S to R's by linear combinations to make them independent and having unit 


variances 3 
ces the distribution (6.3) transforms to 


Const. e- dR, dR. d .. (6.41) 
chere " 2 
where Y= (В, bi Rapa) He . (Ru- Р)? (648) 
and p's are linear combinations of g's. У and о transform to же and p- Abi. By 
ап argument similar to Bose (1935) we get the distribution of R or V 
"e * 292 zn E 
Const. [exp(V;2)] У IL, (у Vad Фа (6.43) 


Where Lis the Bessel function of the second kind. This is the distribution of the generalised 


Variance statistic V Е 
ance statistic V on the non null hypothesis and is dependent on Гапа ф only. 
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We consider here a class of linear hypotheses which are of special interest in tests 


of significance connected with biometrics and field experimentation. These are по doubt, 


special cases of the general composite hypothesis discussed above, but are amenable to a logic d 
deduction of the necessary statistie. The hypothesis consists in specifying the equality of 


number of parametric functions such ах 


Fel ems. eee "ТУ .. (6.5) 
I Pu Pa us; Ро вте the estimates of these linear funetions then we take the linear compound 
Ja Pigs Pst... + gu Py TEE 

such that у т. +.... y= and miximise the expression 
(Ср) GDG' .. (6.52) 


This comes to testing for a suitable contrast of the parametric functions Lj Г. The 


iis o ‚ maxi- 
misation leads to the determinental equation 


|(P,—?) (P;,—P)- VD|—0 | TEE S 
where PN Pixdi) x ү T 
i i * м (6.54) 
which gives V —xXdW(P;—P) (Pj—P 


(6.55) 
Тһе distribution of this follows directly from previous considerations for it is designed to test 
Я З к s s designed to tes 
a hypothesis concerning (k—1) independent parametrice functions. Hence * ll ө E 
distribution e * 
Const. [ecp( 2) Ж з dV 6.56 
on the null hypothesis and ow 
k 3 

Const. |егр(У/2)|\у 1 V 4 
[ежр(У /2)] ж-м UN. Ү 04У (6 57) 

on the non-null hypothesis. „ being defined as 
% N Xd(8, 6) = 


where 4; stands for L. and й is the same functions of h, as P is of Ps. 


(6:58) 


In the case of the multinomial distribution with the proportions т ind 
эү Ti 10 


т % (Xn, =N) 
in the k classes are EC N 7,(i=1. 2. . . %. We want to test the hypothesis whether the 


sample is a reasonable one from the n with the assigned proportions т, т 
s au e Ош ессен є 3 Т) T.. . SIR 
The observational equations E(ni) N =. 2...k—1) which may be taken to be inde 


k classes the linear шас — corresponding to a sample of n,, n 


dent will themselves be estimating equations. Using the properties pens 
V(ni) -7;(1 —7;,)N 
(6.6) 
Соу (n, nj) —- zi miN к 
(6.61) 


we try to maximum the statistic 


; 
ре > qni PER PRU ME АННА gp 0 


The maximum value comes out as 


k 
— F Nn? Ni 
Ма еч .. (6 63) 


which ix the same a5 the x^-statistic of Karl Pearson. 


]4 


— 
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MARKOFF'S THEOREM AND TESTS OF LINEAR HYPOTHESES 


The diseussion in the above paragraphs form the basis of the perimeter test de- 
rived by the author and discussed in another рарег (1944). There are f, p-variate popula- 
tions with means given by the matrix ((%)) i—1.2,.... p referring to the variates of a 
population j— 1, 2... .. / referring to the populations, the hypothesis to be tested is that 


PAM Goes CHL, Язи] їз (621) 
Phere are р 0) independent parametric functions to be tested. Making use of previous 


results we get the generalised variance statistic as 


SL зачу) був e (67) 


Where ja? are the elements reciprocal to the variance and covariance matrix for the j-th 
p-variate population from which a sample of size nj is drawn and z,; is the sample mean for 
the r-th character in the j-th population and 4 


is defined by 


12 In 
z e Cy 6.72) 
(---1)" ж, р ( 
Cy € Cop Cpi oes pr-ti do бр rsi Cop | 
1 ' 6.73 
"here . к E ` n D. de 

where d. € S рор р and gym X m j (6.73) 

1 "cg rd 


The distribution of this statistic on the null and non-null hypotheses are obtained directly 
from (6.32) and (6.43) by putting *=p(t—1). 

An important problem inthe classification of three p variate populations Tis Ty 
and т; is to test whether п, is nearer to 7, or я; which are known to prope a 
is the mean of the j-th character in the j-th population we have to жа ан 
hypothesis 
(6.8) 


32m, auem j-(l.2....p) 


Hg y у ; is the sample 

i ij is the sample mean for the j-th character of the i-th population and »; is the sam] 

size for E as . n Saia 18 
or the i-th population then the necessary statistic is 


(6.81) 


Г=х ха, ei- af) (23,78 — En) 


where а are the d я 
are the elements of the matrix reciprocal to 


( afe duy а аце )) ` .. (6.82) 
ny V- ns 


Р x А "v г ion. The 
ку is the covariance of the i-th and the j-th characters in the е 82 and 0.48) by 
ТЭЭШ ied e » 3.32) and (6.49) b. 
distribution of V on the null and non-null hypotheses are obtained from (6.32) a 

putting к==р. 


where a 


; n 
The necessary statistics when the variances and the eae € pum | 
are obtained by studentising the above statistics and their distributions а ; pee 5 
forms have been derived and are being used in the Statistical Laboratory | at C 
Various problems. А detailed discussion will be attempted in another paper. 
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MARKOFF'S THEOREM WITH LINEAR RESTRICTIONS ON 
PARAMETERS 


Ву С. RADHAKRISHNA ВАО 
Statistical Laboratory, Calcutta 


INTRODUCTION 


In an earlier paper by the author (1945) the problem of linear estimation has been dealt 
with under very general conditions. The problem is, given the vector Y — 6 y " 
8 з An 

of n stochastic variates such that E(Y)—'TA' where Л (BUF ie 


Tm) is а row matrix of 
т unknown parameters and A is a known matrix with x rows and jp columns and also the 
dispersion matrix A of the stochastic variates. to find a linear function BY 


" such that 


(а) E(BY’)=LT’ independently of T | (1-1) 
and (b У(ВУ’) is minimum 


(1-11) 


where LT’ is а given parametric fune:ion. 
The object of the present paper is to extend the above 


problem to cases where the 
parameters т,,т»,...,т„ are subject to Ё linear restrictions G=T K. 
«c T s a 


where G and R are known 


atter being a matrix with 
J rows and m columns. The problem is to find a linear function b, 
| % 


matrices the former being а row mat rix with Y elements and the 1 
BY” (if one exists, not 
necessarily homogeneous in y's) such that 

| (a) Еф, +BY) = LT' subject to G = TR 


\ — (12) 
(b) V(b, + BY’) is minimum (1-21) 


The discussion on tests of linear hypotheses given by Rao (1945) holds good in these 


situations also. 
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4 МАНКОРЕ ЛА THEOREM WITH RESTRICTIONS ON PARAMETERS 
| 2. SOLUTION TO THE GENERAL PROBLEM 


If}, and Brexist such that (1.2) is satisfied then 
LI" = BW, + ВУ") = В ВАТ 
is true whenever G'— RT’ which gives that for а suitable vector D we get 


b, + (ВА — ШТ’ = DiG — RT’) 
or BA+DR=L and b, = DG’ 


297 


(2:11) 
(2:12) 


Also if b, and B satisfy (2:12) then Б, ВҮ”)=1Л” which gives that the necessary and su- 


flicient condition that LT" is estimable is that there exist b, and B such th 
relations ВА D L and h Dies“ are identically true. 


at for a suitable Р the 


ua Cn) М6 


have to minimise BAB- 2C(A'B' - R'D'—L/)--3d(b, — DG’) with respect to d. b, and the 


elements of В, D and С. This leads to 


Bi- GA = O, BA+DR=L 
СК’ 4G, d=0, be- DG“! 


Defining Av! as the inverse of we get 


В = CAA, СААТА + DR = 
R m0, 0,08 


So we eet that b, and В satisfying (1.2) and (1.21) are given by B= СА! 
C and D satisfy the equations Ч 
CAAA + DR = L, CR! = 0 


As shown carlier (Rao : 1945) we can easily prove that b, and В are unique 
D satisfying (2.24) and the variance associated with bo 
3. THE ANALOGUE OF MARKOFE’S RULE 


It has been shown above that the best estimate of L/ 
where C and D satisfy (2.24). If we construct the quantities =( ds ++ 
formation Q— Y A"A with EQO AA TAT 


if there exist Cand D such that 1.1 


LT’ is DO + СО’ and this is unique for all C and D satisfying the above relation. 


in Ty, Taye ee Tm and Ё pseudo-variates от, Gs, +++ % of the vector S (93, €». ++» 


sx) as solutions . Becanse of the identity 


Tl tes. . tm) and S (s,s Se. + --> 
LT’ — DRT’ + СН’ where CR’ = 0 
ТЛ” = DRT’ + CH’ = DG’ + C (Q' —Е'8) = DG’ + CQ’ 


we 
function LT’ leads to its b 


wet the result that the substitution of anu 
est estimate. 


T? 


т” —H' we can restate the result of section (2) 


From the set of b, B and D satisfying (2.12) we have to select those for which V(BY^ 
4 = BAB’ is the least. Introducing Lagrangian multipliers 2d and 2C= Ae Ca - 


We may translate the above result into the following rule. Let us construct the linear 
equations x 
Q=H-+S5R and CR! = O m (3° ) 
j 


and b, DG“ where 


2.24) 


for all Gand 


1 BY’ derived from above is the least. 


T" is given by pes CA'A3Y" 
s (m) ОУ the trans- 


as, 


=CH'+DRT’ and CR'—0 then the best unbiassed estimate of 


n) and get 


(3:21) 
(3:22) 


solution of (3.2) їп ап estimable parametric 
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If NT’ is any given parametric function then E(QNT^) МТ when and only when NT" 
is estimable. This may be used as the criterion of estimability. А non-estimable parametric 
function will reveal itself either in violation of this criterion or in giving different expressions 
for different solutions. 

The equations (3.2) may be called normal equations appropriate for this ease and are 
readily obtained hy minimising the expression. 


N X N e = 0) Qrj— 61) oso H 


where A9 (i,j =1, 2, . . .. % are the elements of &, with respect to ту, Ta.. 
the restrictions G— TR' thus leading to the usual rule of least squares. 


эт subject to 


m 


The equations (3.2) are always solvable. For this it is enough to show that if there 
exist U and W such that 


UIH’ + B'S) + WRT’ =0 (3-5) 


then UQ'-- DG. S o which is trie for we can show that both the expectation and the variance 
of UQ'-- DG! vanish if (3.5) holds. 


The above discussion shows that we can adii a consistent and a convenient and 
: К Ё а кот 
times a conventionally chosen set of equations to (2.2) and get solutions for substituti 
i sub; ion. 
From the necessary and sufficient condition for estimability (2 12) we derive that t1 
& 3 А > s AE күн vive that the 
eumber of estimable parametric functions is equal to the ran. of the matrix obtained ! 
Tu atrix obtained by 
adjoining В to А. POS 


4. VARIANCES AND COVANIANCES Ok ESTIMATES 


The best estimate of LT is given Бу DG“ CQ’ where C ard D adio. т 


follows that t 


V(DG' + 097) = СА’АЛАС! = (L DD = LC (1) 


If LI” and МТ” are estimated by DG’+CQ’ and AG’ +-xQ’, then 
гоу. (DG! + CQ’) (AG! + х0”) zov. (CQ) (XQ) = Lx'— MC" (411) 
which are analogous to those derived by Rao in (1945). 
We can also show ‘that dus intrinsic — of normal equations, йде 
previous paper. hold good in this case also. These results, in particular cases, £ 


have | 
i пест al- 
ready discussed by the author elsewhere (Rao : 1943). en al 


5. TESTS OF LINEAR HYPOTHESES 
The nature of linear hypothesis is the assignment of the 


value of о i 
| и | ne or ^ ar 
parametric functions. The case of a single parametric function does not pn dim 
present any difficulty. 
ariate with zero 
já estimate from the given 
| Thus if LIY 
arametric function with a specified value ё and its best unbiassed estimate 
À | x Е biu ate 
to test the hypothesis LT’ —é we construct the statistic 
o tes Б | 


r—(DG'--CQ'—2/A CL’ 


referred to a probability integral table of normal deviates 


If the уз form а multivariate normal system, we construct the normal 
j ‘ E А " Е al v 
mean and unit variance by taking the ratio of the deviation of the 


value to its standard deviation and test for its significance, i 
' is an estimable 
is DG’ СО’ then 


(5:0) 
whieh бан be 


Is 


MARKOVE'S THEOREM WITH RESTRICTIONS ON PARAMETERS 


We can extend this result to test the composite hypothesis that a number of. para- 
РУ ”..... Г” have assigned values £i. S5, If E and £ be the 
Т”... Т") and (Eike. . Ep) then for the oret to be con- 
sistent it follows that if there exists two vectors M=(n, т... any) and N = (n, na.. Ny) 
such that ME NR!“ or 0. then МЕ = ХС” or 0 respectively. In. this case we can 


metric functions 


vectors defined by (la 


бера н composite hypothesis by finding an independent set of parametric funetions 
sg Rane ite hy у с linear inations 
M., Ma NE рая corresponding values Mae; % derived by linear combi 


m 
from АТ”. 


i i i a new set e » derive "om 
STI such that по linear combination of the new set ein be derived. fror | 


the рии fonctions TR’ occuring in the linear restrictions GTR“, If the best estimates 
of МТ” . Met’ Yow .... М” 3), are given by the elements of the vector Р==(Р Ps. -P) 


with their dispersion matrix given by D, then following the argument, as in the previous 


paper, we vet the statistic V. suitable for testing the composite hypothesis as the root of the 
determinental equation 
PP vpn quus 
The statstie V is distributed as x2 with m degrees of freedom on the null hypothesis 
and as the Bessel Пао seria ta dine patie previous paper, on the non-null hypothesis. 
Sinve V is invariant when the matrices P’P and D are pre or post multiplied Бу: non 
singular square matric . it follows that V is the same for any set of independent functions 
MP“, Mer“ M | 


MT chosen above, 


"һе necessary statisties when the variances and covariances are not known аге ob- 
tained by stuclentising the above statistics with the help of suitable quadratic estimates of the 
variances and covariances, The general problem of quadratic estimation is being considered 
Partiji purpose and it will be shown elsewhere. that many problems concerning linear hypothe- 


sis can be answered with the help of two distributions viz the / and F distributions. 
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ON THE. ACCURACY OF THE DIFFERENT APPROXIMATIONS 
TO THE L,- DISTRIBUTION 


Bv Miss ALEYAMA GEORGE 


University of Travancore 


INTRODUCTION 
To test whether a set of k samples can be regarded as coming from p-variate normal 
populations with the same set of variance and covariance parameters, Wilks (1932) proposed 
the criterion А, derived by the likleihood method of Neyman and Pearson (1930 and 1931) 
where A, is given by 


wk bug | eie al) 


i 

where | Уз; [в is the determinant of the dispersion matrix for the Bth sample, np the size of the 
se sample and | Vi;]o the determinant of the dispersion matrix of the pooled variances: add 
covariances for the k samples. The sampling distribution of A, has not however been determined 
but various approximations have been proposed. Since the distribution of A, is highly skew 
ах shown by Neyman and Pearson (1930 and 1931) we shall use the criterion, : 


2. DISTRIBUTION OF L, 

In this paper the exact distribution of L, has been worked out for the following cases. 
X. Equal Samples (% = n). 

() k= 2. (ü) k—2,p-—3. (üi) b—2,p— 4. (v) k= 3. 2 

(v) 
В. Unequal samples. 

(i) k=2, p=3, n= n, n= 2n. № = zu. 

(ü) b-3,p-2,m N, m= 2n, Ny= Зп, N = бп. 

(iii) * = 3, p = 2, m= = N, Mi= 2n. N = 4n. 


The /-th moment of L, is given by 
k pngt[N p | 
(= | Que I Рив N + (ив - 0/2) (y — LJ 
1 i 


р 
хп [че k--1— / / (A. (96 t-am | oo QD 
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МЫ i * ЕН allin’s m for 3 3; 
Phus by using Mellin's transformation, the distribution of L, is given by 


p k 7 As 
NT RE E T. Я рпвух p 
= i ré 1.1 2) LE и (N/ng) п T{agt/ S+ (ng-i)/2} 
(LI) -t-1 Bel 151 
* WE ing | L, — — 
af 7 7 т ^ 
A LE SMS ' i г{+нк-Ё+1-0/9) 


above by evaluat- 
a semicircle on the 


The exact distributi ч : 
Р | exact distribution has been worked out in the cases mentioned 
ing the residues г s 5 š : 

residues at the poles of the integrand when the contour is, taken as 


half plane give 7 Y 8 
If plane given by a>0 and the imaginery axis as diameter. 


3. GRAPHS OF P (14) 
From the exact distribution of L,, it is evident that the expression for (2.2) becomes 
very © ic " — ‚г . s Ч 
x v complicated as the values of Ё or p increase. Further, the functional nature of the solu- 
ion also cannot be studied with ease for the general case.“ 
Phe exact distributions serve to give an insight into the nature of the graph of the 


distribution curve. In all the curves, P(L,) splits into two factors, one of which is independent 


of the size of the sample. Thus P(L) = fin, Li). J. (Li). 


Fig. 1 


and from the graphs it will be 


o loose their highly skew 
ihe curves 


The curves have been traced for 2.— 10, 20 and 30 
ses, the curves tend t 
2) there is also an indieation that 
Tt may be pointed out that 


Observed that, (1) as the value of k or p increa 


nature and more or less tend to normality and ( 
creases. 


in practical 


may tend to get centred at Ly = las” in 


: : APPROXIMATIONS TO THE L,—DISTRIBUTION 


problems, the number of variables may not be large though the number ef. samples and their 
sizes may be large. When и is large it has already been pointed out that log, Ie follows the 
X^-distribution. The result when А is large requires more intensive study. 


P. P. N. Nayer (1936) has fitted ». Type I curve to the L, distribution for a single varia- 
able. This approximation will be referred to as А. Subsequently Nair (1938) has given a 
formal solution to the distribution and for the case of samples of equal size the exact expression 
has been derived. Тһе intrinsic accuracy of the A, approximation for the case when samples 
are of equal size has heen tested by Bishop and Nair (1939) with the help of the results of the 
latter. 


Bishop (1939) has given an empirical method (Az) of fitting 
distribution. Bishop bas also obtained an approximation (Au) for the 
of the X2-distribution. Bartlett (1937) ha» given a modif, 

a single variable and an approximate distribution ( 


а Туре Toure to the A. 
general case in terms 
ed definition of the A 
A4) for the same. 
suggested an approximation ( 3 for the distribution and verifies its 


“viterion for 
Pitman (1939) has 
| ассигасу for а few vases, 
[n*the present paper an attempt ix made to test the accuracy of the different methods of 

ы П 
To simplifs 


А general 


approximation with the help. ofthe exact distributions developed by Nair 
ы А P 


numeries] work, only ertain ty pes of samples have been taken for vetilisatian 


кей of fitting the Туре Г approximation is also suggested. 
нейна 2 | 
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4. ACCURACY OF THE DIFFERENT APPROXIMATIONS 
The exact distributions obtained are helpful in testing the accuracy of the different 
approximations for P(L,). 


(а! Approximation As. Defining ба а" БЯ 


P gonst I у) 


where т k(n — p) - Ә.О —1) (90 = 39% 9p?) m, 0250 — 1) pp D. (#1) 


Using Beta Function Tables the 5 per cent probability level for L, is calculated, and since 


Р ТЕ = PG SL, в’) = раз <) (4:3) 
The probability for this. value 


the corresponding probability level for Ly may be calculated. 
The results of these caleula- 


of L, is now calculated with the help of the exact distribution. 
tions are given below. 


PABLE 1. TRUE PROBABILITY CORRESPONDING ТО THE FIVE PER CENT LEVEL 


FROM A, APPROXIMATION. 
в la | probabi- n La | probal 
| lity | | lity 
ix Б=8 Г 
10 -0502 10 0461 
20 КЕЛ 15 0475 
зо «0500 .38 | 0485 
30 0488 
40 0488 
p=2: k=2 p=3: k=3 
10 боо! 200492 15 | 5603 | 0481 
20 -7384 -0497 30 | -7704 ШЕП 
5 `8037 0501 | 
0503 | 
p=2: k=3 | р=4: k=? 
aD -0491 20 5756 0461 
an -0496 30 -7090 0477 


0497 


TET ndi к considerable work to test the adequacy of 2 approximation. bp 
tion Of Li; and "ea күү to Was imis of the first four moments from e dius dus. 
Table 1, one is теь 1% кй vales obteined from the approximation (A2). ae 
p greater than 2 even Wher Sel that this approximation may not be satisfactory in the case ol 

1 the sample size is forty. 


(b) Approwxi i 
Pprowimation Aa. Bishop has proved thet in large samples 


N --(2N/G) log. L, follow: 
| к follows the X? distribution with f degrees of freedom, where 
1 "p 
G = 14 X У{ 4 Я 
Jj #1 zü [ni (n, — i) 4-n,/3(n, 1) 3) 
p 
—Х | Р-н L1) x — уЗ E 1—)* (£3) 


and / 20-507 - Б 
/=0-5(&®—1)р(р-Е1). The accuracy of this approximation has been tested with the help 
of the true di 1 


bution and the results are given in table 2. 
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TABLE 2. TRUE PROBABILITY CORRESPONDING TO ONE VER CENT 
AND FIVE PER CENT LEVELS FROM Ag APPROXIMATION 


-T Coni Bo (Oe | 7 | NY Y probah: | Т, (05) proba- 


lity lity lity bility 


(A) Equal Samples 


p 4; =? 
p=2;k=2 20 5030 ores 5816 0514 
30 6490 | 0100 | 7110 ЕШ! 
10 -4920 0105 6134 
20 7293 0102 8045 
30 8164 0102 8695 (В) Unequal Samples 
p=2;k=3 2 


pms d 05 вы 


n n, na 2n) 
10 :5009 0106 5958 0521 5 0121 0578 
20 7334 :0102 | 7928 0505 [10 0106 0519 
30 8190 0101 8611 0501 | 15 -0103 “0508 
20 0101 өлө? 
p=3;k=2 
=2;k= 3, = : р 
10 3274 -0120 0549 в (у= т, n= Эн, ng Зн) 
15 5103 0108 “0528 5 4673 0123 
20 6181 0105 0510 | 10 7247 0105 
30 -7362 0102 0506 | 15 8149 0102 
Dedi p: 3; k=2 (n= n, 1. — Эһ) 
10 :3208 0124 4018 0578 | 15 0106 > S 
15 5014 0110 5149 ‹ 20 | | aul zu | js 
20 6093 0106 -6721 -0508 i 7912 :050 
30 -7287 0102 “7758 0500 


Se 
From Tables 1 and 2 it is evident that the A; approximation is be 
the number of vari 


É 80 tter than A.. When 
ables increases tests of significance у 


ч aeg ка "will be valid only if the size of the sample 
With this remark, A, approximation se 


ems fairly good even for high v 
of p, the sample size being made correspondingly large, 


is also increased. 
alues 


(c) Approximations A, and A.. 


These approximations refe 
defines 


|| V. IV ft LI 
н? III v, / TA [Е 
Т 1 / 


., k) are k independent vari 
taken as estimates of a common os. 


only to p—1, Bartlett 


(E+) 
where Vi e, 2... ances with f, degrees of free 
When the f’s are equal 


dom, that are 
mation A, is that —(2 log,4)/e where = 


and p. =kf, 1 5 


— 1 + [р — I F]/3(5— 1) is distributed 


Approxi- 
(k—1) degrees of freedom. Pitman defines L by the rel 


like x? with 


4 pus и 55 akion P-exp. (-L) and shows that 
2L/(1+a) where (1+a)=c follows the x? distribution with (k- 1) degrees of f, 
Bartlett's and Pitman's approximations are practic: Рони 


dom. Thus 
Ally the same, 
The substantial accuracy of this approxim 


ation has bee 
few cases with the help of elliptic integrals. J 


n studied by Pitman for: 
"o test the accuracy of 4. 5 an 
1e accuracy of this üpproximation the 


Xp. LIF), the distribution 
moment function of È is 


distribution of L, in (2.2) cannot be used. Hence defining beg 


‚ of Lis derived. Tt can be easily proved that the 
ө) F 1%) " Р-Р) 
Г(Е/24-1/2) ' 7% /H — (45) 
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Hence using Mellin's transformation 


BID) == | ту. @)t)dt e .. (451) 


ті 


This integral has been evaluated for the following cases : 
k=3, (I) fi ff fs f and F — 4f 
(2) fi F. fi 2, = 3 and Е = 6f 


The following table gives the accuracy of approximation involved in the A, test in the 


cases mentioned above where the exaet distribution of L has been derived. 


TABLE 3. TRUE PROBABILITY CORRESPONDING TO ONE PER CENT AND 
FIVE PER CENT LEVELS FROM A; APPROXIMATION 


————— —— 
f L,(:01) | probabi- Т,,( :05) | ы jf L,(:01) | probabi- | Li(:05) m 
Р lity lity lty lity 


eaim fa Si == SD 


1 -0068 
1 -0053 -0371 E -0090 . 
2 0084 0467 3 0096 833 4 
: 1 875 0496. 
3 -0093 0493 4 -0098 8750 0496 
4 0096 0493 5 0099 +9000 0496 
А 0098 0497 | 6 0099 9166 0499 
10 | 8874 ogg 0499 | 10 0100 | 0400 
— xL :0100 0499 | 20 0100 049 


It is evident that the approximation is fairly good except for very small values of f. 


5. ТҮРЕ I APPROXIMATION OF L, 


Bishop's approximation A, may be viewed mathematically by assuming that 


x _ Х-Крьи-1 _ tza 2. (QU) 
P(L,) =const. №, (1—L) 
The moment function of L, from this approximation is = 
- ГОМ — Ep-- 14-0. T(N —Ep--4-//2) .. (6:2) 


—kp 4- n-4-t4- f[2). TUN АР) 


Using Stirlinz's approxi s " А 
А nws approximation the development of (5.2) gives 


Log, y(t) ~ EC me 


and the corresponding asymptotic expansion of the true moment is 


ор) с Mtii , F- Г 
Z 4N SN? 


_ р-р) x 1/ng— Gp? -3p— D 6C pF П/Р 
94N 


DL 
я 


+ 


- * 
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Comparing the expansions (5.3) and (5.4) it is seen that 
f=0.5(k—1)p(p+1) 


and pLkp— 


p(p--1)(k—1)—4 , k+2+p — 2p^t9p41 1 T 
5 2 Е) рур De 09 


This will give very good agreement between the moments calculated from the trie and appro- 
ximate distributions. 


CONCLUSION 


'The main object of this paper has been to examine the accuracy of the levels of signi- 
ficance for the L, criterion as calculated from the different approximations. The approxima- 
tion for —log. Li with the correction factor seems the best from the point of v 


: 1 iew of giving 
correct levels. The Type I approximation seems definitely inferior for p23 | 
: p. 


The author wishes to express her decp gratitude to Dr. U. S. Nair for the valuable help 
and gyidance she had in the preparation of this paper. She is also thankful to the Universit м 
of Travancore for the encouragement given in carrying ont this work ы 
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A NOTE ON THE DISTRIBUTION OF THE SUM OF CHI-SQUARES 


Bv A. BHATTACHARYYA 
Statistical Laboratory, Calcutta 


Mr. B. C. Bhattacharyya (1943) has considerd the distribution of the sum of two chi-squares, each 
of which is the sum of squares of the same number of independent normal variates with zero mean and the 
same standard deviation, but the two sets differing in their standard deviations. He has shown that the 
distribution involves some Bessel functions considered by Mckay. We shall here briefly indicate how the 

amo distribution can be expressed as a convergent series in Laguerre's polynomials. We shall consider 
he more general case whero the two chi-squares are not independently distributed. 


2 


Let (т, Уз; Zo, ½ ; .. aya) be п pairs of independent correlated normal variates with zero 
menn and s.d.'s о; and o; also let the correlation coefficient bo р. Let us define Хз, аз the sum of squares 
of the z's and x2; that of the y's. The case when the two X? are independent is obtained when p=0. We 


Shall consider the distribution of x: + X*s. The characteristic function of *. + y^ is 


g(t) = [1 — 2it (0°, + o, — 4(1 -- p?) оз, оз, t] 
and hence the characteristic function of хз, + Хз, is IS) n. From the form it takes it is obvious that the 


хато Bessel function form is valid in this caso also. Similarly it is easily seen that the distribution of 
A follows the other Bessel function form (Bhattacharyya, 1943). 


Tho characteristic function of u = (хз, -+ Хз,)/(03, + 02.) is easily found to be 
Y() = [1 — 2й — 4t* оз, a*,(1— p?) (о, + 02,)-2]-n/? = [(1 it + а e D 
where a = 1 — 402, о — рх) (02, + 05,)-5. As 20, оз < 07, + 073, and P? < 1, we must have |a|« 1 
and зо jat*(1 — it)? | = Гаре + te) < 1, for all values oft. So, from (2.1) we get 
У = (1 — ity» Пава ih = $ ( 2) а али". (9) 
го 


Tho infinite sories is uniformly convergent for all values of ё. Now, differentiating the relation 
© 
| Q = it) " * Exp.(— it и) Эт = eu unter- P + 27) 
-» 
r-times with respec 


t to u, we get 
o 


"ELI Xs hi 

| (1 — it) (O d)*r Exp.(— it ш) т -( .) e m 7562 27) 

EA du 
= p) eu una Lar (и, n)/T(n +27) eL 
where Lo; (и, n) is a Laguerre's polynomial. Hence applying Fourier's integral theorem to ¥(#) and using 

(2.3) we got the distribution function of u as 
Tine" а" $ i s ya L,, n)/r(2r + n) dus 
reo 

The above series is convergent for all values of и. Proceeding in a similar way it could be shown, under 


se i ieries О 
Some restrictions, that the distribution of the sum of three or more X?’s can be expresse En 
Laguerre's polynomials, 


27 


ON THE SUM OF CHI-FQUARES 


3. The non-null distribution of x* can be expressed, under certain conditions, in a series of 
Laguerre’s polynomials. Let zy (k = 1,2, . . n) be » independent normal variates with zero mean and 


а 
standard deviation оъ. Then the distribution of x! = = x}, can be regarded as the non-null distribution. 
- 


There is another type of non-nullity, namely when the normal variates have the same standard deviation, 
put different means. This has already been considered by Wicksell (1933). 
follows the same distribution (Bose, 


teristic function of X? is obviously 


Í The classical D?-statistic 
1936). We shall consider the other typo of non-null case. The charac- 


* a= эно, 2)" 
155 (1 2it ox?) 2. (M) 


n 
If по? = > k and вк = 0% 


— а: then the above characteristic function can be written as 
kei 


Па Biter — 2i e. ty? = (1 — 2й азучы П (I — ЗН (1 — 2it c) E 
"EM ker 


The characteristic function of х?[о? is 


(1 — 2ityni? п U — Bit efor — 2i) yË E 


we 3 
If now we suppose that e Co for all values of k, then each of the expressions (1— 27 e,[o*(1 — 2it)) -* 
22d к — ál телап 


be expanded in a uniformly convergent series, 


which then can be multiplied to ivi 
gether giving i А 
convergent infinite series for (3.2) of the form pum 


[^ "— n 
$ «ir (1 — 2) "^ 
га 


.. (33) 


ET e = у ejot, с, = 4X eX[3o* еіс, Applying, as іп section 2, Fourier'n i 
theorem and remembering (2.3) we get for the distribution function of x = X?/o? an ere i E n "ms 
ression of the form 


where с, = l, €i 


9o 
T(n/2) ex!* ew d, L. (T, n)r(n + 7) 
where of course dr depends on с, or ultimately on ër. 


many other non-null forms of X* w ie А А 
There are y ms of x? which we cannot adequately consider in this short 


note. Itis hoped to consider these in detail at some future date, when other interesting properties of П 
artios of x? will 


be considered. 
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PART 1. GENERAL DESCRIPTION OF THE SURVEY 
SECTION 1. GENERAL INTRODUCTION 


HISTORY OF THE SCHEME 


Чарык To а. The Government of Bihar in letter No. 13297 P. C. dated 28th 
rice in Bihar on раа whether I could undertake as early as possible a sample survey of 
on under my gui т same lines as the survey of the jute crop in Bengal which had been going 
the season Wr ond. for several years. In my reply dated 4th October I pointed out that 
crop-cutting work SE too far advanced for an area survey of aghani (winter paddy) but 
Williams, f. O. S. (che an exploratory nature might possibly be still undertaken. Mr. R. A. E. 
stated that os dme шешу, Revenue Department) in his letter dated 27th October 1943 
me to submit а Skene us like me to organize crop-cutting work on paddy and requested 
cutting work on paddy bo estimates. By this time it had become too late for even crop. 
to Patna for veisonal. ed amg further correspondence it was decided that I should go 
9. Discussion in Pama m 
afternoon of the gs ama. On the 16th November 1943 I reached Patna and in the 
morning of the 17th No ay had a three-hour conversation with Mr. R. A. E. Williams. In the 
‘His Bioellenov Mr е Т had the opportunity of discussing the matter personally with 
proposals approved of th Sir) Francis Mudie, Governor of Bihar, who after examining шу 
On the 18th and 19th Ne rem generally and asked me to submit a scheme as soon as possible. 
а good deal of material — т Thad further talks with a number of Bihar officials, collected 
in the Surve Offi an inthe form of Settlement Reports, and made -personal enquiries 
3. 4 Tio ice about Cadastral Survey village maps. А j 
pared, with 8 scheme. On the basis of the information collected in this way I pre- 
me to Pat assistance of Mr. J. M. Sengupta, Statistician, who had accompanie 
na, a five-year scheme for the improvement of crop statistics in Bihar by the 


1944. 


5 
This Report was submitted to the Government of Bihar on 5th November, 
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i ost of twenty-four lakhs of rupees exclusive 
я = E "ur geni el — —.— at Patna on och November 1943. Те 
of dearness allo каа: nem 
eris т те bec Rs technique for estimating acreage 
tot; P m of rr deseen crops such as paddy, wheat, barley о ип; а 
Еч in each of the three (bhadoi, aghani and rabi) seasons in Bihar; and secondly, 
оро. кое id up the necessary human organisation on both the statistical and field sides 
of 55 A fr НЕ out the sample survey on standardized lines from the fifth year of 
E 4. 15 approach in a scheme of this kind must be definitely experimental. I, the 
proposed Starting with a pilot or exploratory survey on a small scale 
1943-44, and gradually expanding the scale of operations working up to | шге 
in the aghani (winter) season of 1945-46. The scheme visualized à recurring expenditure о 
five lakhs of rupees per year for work in three crop seasons: bhadoi (autumn ), aghani (winter), 
and rabi (spring). The field work would be done under the direct contro] of the Government 
of Bihar, but the statistical and technical work was to be done in the beginning by the Indian 
Statistical Institute under my guidance as honorary Statistical Adviser, and was to be 
gradually transferred from the third year to the Government of Bihar who would t £ : 
the statistical section completely at the end of the five year scheme, А large portion of 
the Statistical Laboratory had been removed from Caleutt 
evacuation measure; and ‘it was suggested that the bulk of th 


xplained 


; Yield per acre, and 
, maize, gram, etc. and the total 


refore, 
in the rabi season of 
à full provincial survey 


ake over 


а to Giridih curly in 1942 as an 
g 10 statistical work in the Bihar 
crop survey scheme should be located at Giridih. { 

5. Beginning of preparatory work. The scheme submitted 
principle by the Government of Bihar within a few days, and I w 
arrangements for the survey in the rabi season of 1943-44 
on the 30th November 1943 requesting 
district, thana, and C.S. village maps to t 
In his letter No. 28 [1c-1/14 dated 4th J 
would give the Institute full support 


6. First plan abandoned. Government was keen that we should cover the important 
wheat districts in the province, and a design of the proposed survey was Prepared on this basis. 
Unfortunately preparatory work could not be started às necessary village maps had not been 
received by the middle of December. Tt was clear that the Preparatory work could not possibly 
be completed in time, and there was no other alternative but to abandon the original plan, 

7. Revised plan for the rabi survey. A second series of meetings and conferences was 
therefore arranged at Patna on the 17th and 18th December1943 in the course of which I met 
Mr. E. В. J. R. Cousins, т. C. s. ( eror) Mr. A, P. Middleton, 


Adviser to Н. В. the Gov 
I. C. S. (Member, Board of Revenue), Мг.В. A. E. Williams, 1. C. S. (Secretary, tevenue 
also had a. full discussion with R 


Department) and a number of other officials, T ài Bahadur 
Sinheswar Prasad Sinha, а senior Deputy Collector, who had been Appointed to the newly 
of Statistical Burveys, н 


created post of whole-time Superintendent 5 a result of these 
discussions it was decided to carry out an exploratory survey in the rabi Season of 1942.44 Hs 
the two districts Monghyr and Shahabad for which village maps had been already received 
8. Progress of the survey. The preparatory work for this survey was pegun in the 
Statistical Laboratory at Giridih at the end of December 1943 and was completed after strenu 
ous labour in the first week of February 1944. Seventy-eight men with experience of ficld 
work in Bengal were sent to Bihar on loan and 102 workers were locally recruited for the field 
survey which started on the 12th February and was completed on the 13th April, 1944. Crop- 
cutting work on wheat and gram started in the third week of March and wag Ша along with 
the area survey on the 13th April 1944. I went to Patna early in January 1944 бай again at 
the end of March. I met Mr. Middleton and Mr Williams on the 23 rch: and on the 24th 
March I had an interview with His Excellency Mr. Mudie wh d with keen interest 
the preliminary results based on the materi tnight of the survey. 


ial collected during t 
9. Surveys in the bhadoi and aghani seasons. Although the Present report is concerned 
te of subseque 


with the rabi season of 1943-44 a brief mention m ) 
original programme it had been intended to organize the work on an е 
bhadoi ( наала = aghan ni Pe реа plai “ne um of d 

d of March it was ecide у Survi tly makai maize in certai 
— — of the districts of Purnea, Bhagalpur, and Monghyr. Not muy this; epe реш 
yith which the field work in the rabi season had been organized gave us confide 
he a full provincial survey should be attempted in the bhad 


Ой (жа ) nee in suggesting 
L П) season of t is year 
(instead of in the aghani (winter) season of 1945-46 as contemplated in the ет 


original] Scheme) 


by me was 
as aske 
- Orders were 
all District Collectors to se 
he Giridih Branch of the 
anuary 1944 Mr. Williams 
and facilities for the 


approved in 
d to make necessary 
issued by Government. 
nd two complete sets of 
Indian Statistical Institute. 


assured us that Government 
work. 
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and thereafter continue the provincial surveys in succeeding crop seasons. This proposal to 
expedite the work received the full support of H. E. Mr. Mudie, and Government sanction 
was given accordingly. The field work for the survey in the bhadoi season was started on the 
3rd July and was completed on the 3rd October 1944. In quick succession the field work for 
the survey of aghani (winter) crops was begun on the 10th October and was in progress at the 
time of writing this report. 


THE PRESENT REPORT 

10. Contents of the present report. The present report gives an account of the survey 
in the rabi season and the results obtained from the material collected during the survey. 
The report consists of 11 sections arranged in three parts. Part 1 is mainly descriptive. 
The present (first) section gives a brief history of the scheme and a general introduction. 
Section 2 givesva general and non-technical desc ription of the method of the sample survey 
of crops as developed in the course of the work in Bengal during the last 7 or 8 years. This 
is followed by a description of the details of the design or plan of the survey of rabi crops 
in Section Z; and a general account of the progress of the survey in Section 4. . 

П. Part 2 gives the actual results of the survey. Section 5 deals with the estimated 
acreages under five important crops, wheat, barley, gram, arkar and Hedi. Section 6 is con- 
cerned with the rates of yield per acre of wheat and gram based on crop-cutting work done 
on these two crops. An attempt has also been made in this section to estimate the total 
outturn of these two crops. Comparison with official figures was not possible owing to 
difficulties in the interpretation of acreage estimates in the case of mixed crops and the 
unsatisfactory nature of official figures relating to outturn. A detailed discussion of the 
problem of mixed crops is given in Section 7. This is followed by a discussion of the cost of 
Operations in Section 8. Finally, mistakes in preparing crop records in the method of 
complete enumeration are examined in considerable detail in Section 9. 

. 12. In Part 3, Section 10 gives a general review of methods for the improvement of crop 
Statistics with special reference to the permanently settled provinces like Bengal and Bihar. 
The respective advantages and disadvantages of the method of (a) complete enumeration 
5 (0) Sample sury y have been considered. in some detail in this section, and а general 
Peri ee also been given of the Bengal scheme for complete ame 1 
Rin emere come into effect from the current aman paddy or aghani season о: DEA. s: 

en of complete enumeration and sample survey is considered to offer the most 
promising line of advance in the immediate future. A summary of the Report is given in 
Section 11 of Part 3. Е 

13. For convenience of reference, tables have been numbered separately by Sections, 
and inserted in the text where possible. "е 
2. ge 14. It will be noticed that the factual material is given in considerable detail in 155 
= ections (5)—(9). This is the portion (together with the description of the design oi te 
eae, ar aa 3) to be consulted by those who are primarily interested in the 1 
ты Y dide are interested in а more general way in the oe you ae m 
Section 4, and а - sampling method in Section 2, and an account of the survey its 

“summary of the results in Section 11. 


ARRANGEMENTS WITH THE INDIAN STATISTICAL INSTITUTE 


15. In the Bengal Cro S ] statistical work is done 
: wies Сы; Survey Se ih the field and the statistical wor 
by the Indian Statistica] Noon eM me ue Ма илл ta уеп БУ 98 Government 
of Bengal. The Institute has authorit y to make re-appropriations within the limits of the 
block grant and also to make all necessary arrangements forthe work. Expenditure on field 
work and other charges incurred ex Тане tor the crop survey scheme are debited directly 
while overhead and joint charges are allocated on the basis of total volume of work; and 
accounts audited by chartered accountants are submitted to Government. 
16. Block grant. In the Bihar Crop Survey Scheme arrangements were прав mi 

my suggestion, to have the field work done under the direct control of Government and 1901 
Board of Revenue was placed in charge of the scheme. The statistical work was pq m 
е к Statistical Institute, and a block grant was sanctioned for this purpose on 
“me conditions as in the case of the Bengal scheme. 

mus Contribution in lieu of a Mie of the Statistical Adviser. The онаша 
of Bihar had offered to рау a suitable remuneration to me for my work as phas oe is, but а 
ту request T was, however, permitted to do this work on a purely honorary basis, 


at 
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ү i statisti sti vas sanctioned with 
ibution of Rs. 15,000 per year to the Indian Statistical Institute was sanc 
ee Bonn Toth November 1943 in lieu of my services for which we offer our sincere thanks 
to the Government of Bihar. _ 
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the help we received at every stage of the work from the officials of the Government of Bihar. 


` SECTION 2. METHOD OF THE SAMPLE SURVEY 


THE JUTE SURVEY SCHEME IN BENGAL 


21. A general description of the method of the sample survey for preparing crop 
estimates as used in Bengal during the last few years is given in this section. The method 
was developed in the course of a five-year scheme which was started in 1937 by the Indian 
Central Jute Committee (and was financed jointly by the Committee and the Government ‘of 
Bengal) for the improvement of statistics relating to acreage and outturn of the jute crop in 
Bengal. On my advice, the Committee decided to explore the possibilities of the sa — 
method, and I was entrusted with the task of developing a suitable teohinian "fon tae 
purpose with a view to securing acreage estimates with a margin of error not e = р ‘ea md 
per cent and at an expenditure of the order of about a lakh and a half of r cine — 
(at 1937-38 level of costs). e раг узш 

22. The work was started with a very small scale е 
only about 200 square miles with a total expenditure of about six thous 
field work. The scale of operations was steadily expanded in 1938, 1939, an 
in a survey on a full provincial scale in 1941. The results were consider 3 
by the Indian Central Jute Committee which i 


i 1 recommended the cor 
survey by Government in future. In 1942 the scheme wa 


of Bengal and the work was carried out under my zuidance by jan Statins? 
on behalf of Government. The method was . to d e Statistica l Institute 
further enlarged to cover all important crops in 1944. тор in 1943, and was 
23. Reports on the work done in each year from 19: 943 wer A 
the Indian Central Jute Committee and the (ушт ed en а by me to 
printed. A general description of the method was given in my presidenti en have bean 
section of Mathematics and Statistics of the Indian Science Congress in Tan address to the 
more recently, a full account of the theory has been given ina memoir | Pre d 1942 ; and 
Surveys in the Philosophical Transactions Vol. 231B, No. 584 fu arge Seale Sample 
London. A non-technical description of the method is given in the the Loyal Society of 
fuller details and underlying theory reference will naturally have t bi present section; for 
cations mentioned above. 5 О be made to the publi- 


Xploratory Survey in 1937, covering 
and rupees for the 
and 1940 culminating 
red entirely satisfactory 
red itinuance of the sample 
5 taken over by the Government 


THE SAMPLING METHOD 

24. A classical example of the sampling method is s i s 
a large number of balls of, say, three different — Piin ; 
proportions. A handful of balls is drawn out of the urn. It is аа * — blue, in different 
the number of balls of each colour, to make an estimate of the т possible, by counting 
colour in the urn itself. Proportion of balls of cach 

25. In the case of land, instead of balls of different colours, we! 
of plots under different crops (or lying fallow or being utilized for i 
technique (analogous to sampling from the urn) would be to pie 
number of plots of land, and ascertain how many of these 
other crop. This would be quite easy if the plots were of equal зиме. All 
do would be to give serial numbers to the plots, and to select the sam К 
of a series of random numbers (of which large collections are availa 
Jnfortunately, this method can not be used as th 


an urn containing 


ave a very large number 
^ der purposes). А simple 

Up purely at random a suitable 
ате under wheat, ог gram, or any 


е size of individua 
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widely from a fraction of an acre to several hundreds of acres. Selection by serial number 
of plots would not give each acre of land the same chance of being included in the sample; and 
samples drawn in this way would not be truly random or representative. It is no doubt 
possible to get over the difficulty arising from unequal size of plots but the procedure would 
be laborious and expensive. А ы 

26. Useofgrids. It is convenient therefore to use not plots but sample units of a definite 
size like 4-acre, ог 10-acre, or 50-асте in area. Та my earliest publications on the sample 
survey of the jute crop in Bengal I had called this sample-unit a grid*, and this term 18 
now commonly used in technical literature. 

27. The use of grids or sample-units of finite a 
In large scale surveys covering a whole province with an area of 60 or 70 thousand Square 
miles, only a limited number of sample-units can be examined within available resources 1n 
time and money. For example, in Bengal in a full provincial survey we have been using 
something like 60 or 70 thousand grids or on an average about one grid or sample-unit per 
square mile. The grids or sample-units are thus widel scattered, and the time required 
for the investigator to move from one grid to another (which is called ‘journey time’) is not 
negligible in comparison with the time required for the physical examination of the crops 
grown within the grid. In this situation it would be clearly uneconomical to examine or 
survey a single plot at each locality. It would be obviously convenient to examine a group 
of plots or sample-units of comparatively large size at each locality visited by the investigators 
as the additional time required. for this purpose would be very small. Considerations of 
economy thus suggest the use of sample-units of a fairly good size. 


ize is also convenient for other reasons. 


PLANNING OR PREPARING THE DESIGN OF А SURVEY 

28. Zoning. For the organization of the field work (as well as for certain reasons of 
a technical nature) it is convenient to divide each district into a suitable number of sub-units. 
or zone-cells each of which is a compact area roughly of an equal size. In Bihar in the rab? 
season we used zone-cells each of size about 50 square miles. Та the sampling method the 
procedure then is to locate purely at random а suitable number of sample-units or grids 
within each zone-cell ; and have all the plots falling within each grid examined for the pro- 
portion of land under different erops by investigators who go round from one grid to another 
for this purpose, ы = = 

59 


In planning а sample survey several things have to be settled. For example, it is 
to decide (a) what should be the size or area of each sample-unit or grid (which 
be same in all zone-cells and may vary from one zone to another) ; (b) what should 
be the total number of grids used in each district or in the province as а whole ; and (c) how 
should these grids be distributed among different zone-cells, that is, how many grids should 
be allotted to each zone-cell. т Р 

30. Costof operations. Certain considerations which have to be kept in mind in planning 
: survey may be now explained. The total expenditure whieh сап be incurred, and 
ren the total number of field investigators at our disposal, is fixed. If we use grids of a 
8 11 85 50-асге or 100-acre each, then the time and hence the expense 1 т 
ы. 055 cm examination of each grid would be comparatively large, and we would be s le 15 
the density ree imi ie | small number of grids. They will be, therefore, Lien J — 
time would be үре of grids per square mile) would be small ; and 5 oen m 
the grids аге of EAS крані in moving from one grid to another. On the ot ade wie xi 
and Would hiva AS size there can be more of them, so that they would lie m ved 
would, therefore hae эш density. The time required for moving from one grid to а 
7 need of working witht Cae ced budget places a restriction on the 

choice of the size (that is A . within the limits of a fixed budge plate ^ wem 
per square mile. On in € area) of each individual grid and their total number red 1155 
total number hi 1 ce the size (or area) of each individual grid or sample-unit is fix >: 

а] number which one can have also becomes fixed, On the other hand, if the total number 
{ос density) of sample-units is fixed then the size or area of each individual sample-unit also 
in e eps a It is thus not possible to choose independently both the area of pet 

ividual grid and their total number. Cost thus supplies one connexion between ат 
and the number of sample-units. This is why a study of the ‘cost function’ or how the cost 
ivi TI may briefly explain the origi zi i hole district (or the province) as 
[Mee iato а large number of. colls pr А — M. two perpendicular Es i peer 
unit to 56 Sd dpagined the whole area to be covered by & system of grids. I considerec 0 08 

he basic cells (or grids) picked up at random. This led to the term ‘g 


йш it i i Iso been used in U. S. A. 
aud is current thoro] а sample: unit in the survey of crop acreage. [This term had al 


need not 
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depends on (а) the size of each individual grid and (b) their density or total number essentia: 
for preparing efficient до But cost is not the only factor. It is also necessary to 
232. Precision of results. "ein of error of the final estimate of crop acreage. The margin 
F Aon ad e sample-units or grids would, be large when the size о! 
5 ри, The precision of the estimate based on individual grids would 
ene a is the size of each individual grid is increased. : "" -— 
33. The precision of the average or final value calculated from a large ae "s 
sample-units or grids is, however, not determined only by the precision of indiy idua в 
but also depends on the total number of grids. We have already seen that — 1 * 
grids of à comparatively large size would inevitably mean having fewer of them, n 
other hand, one could have a large number of grids of a smaller size, We thus find that we 
can use grids of a comparatively large size for each of which the precision would be large 
but the average value would be based on a small number of grids. Working with grids of a 
small size, the precision of individual grids would be small, but the average value would be 
based on a much larger number of grids. 

34. In this situation whether there is üny net gain or not in the precision of the fine 
average value would depend on whether the decrease in precision due to: reduction in th: 
size of each individual sample-unit is or is not compensated for by the increase in precision 
of the average value due to the increase in the number of sample-units on which the aver ay 
is based. This question has therefore to be settled experimentally by studying how the pre- 

cision of the result changes as the size of each invididual sample-unit is changed. (The 
precision or the margin of error is usually studied in terms of what is known as ‘variance 
in technical language. The study of variance as a function of the size of individual sample- 
units is thus necessary to settle the present question), 

35. Aim of efficient planning. То recapitulate, the sampling te 
of the survey has to be settled by deciding how the whole area is to | 
number of zones, and what would be the size of individual g 
total number and distribution among different zone 

(а) the amount of money (and hence 

survey ; and 


(b) the degree of precision which is desired to be 


chnique or the design 
be divided into a suitable 
rids in different zones, and their 
5 keeping in view: 
of labour) which can be used for the sample 


attained in the fin 
acres. 


al estimate of erc; 

36. The aim of prep 
following form :. 

(A) If the total amount of mone 
size of each individual grid or sample-unit 
among different zones in such a way аз to obtain the final те 
of error. 

(B) Alternatively, if the margin of e 
then the size, density and distribution of g 
survey can be done at minimum cost. 


aring the design of the Survey may, therefore, be stated in th: 
dea ten our object would be to settle the 

ле? total number (or density) and аена 
sult with the least possible margin 
rror of the fin 


al estimate 15 d 
Е зе 
rids have to be 


3 termined in advance 
settled in such a way that the sample 
PREPARATORY WORK IN THE STATISTICAL LABORATORY 
37. The different stages of a sample survey can now be described. mhn ¢ ; Р 
be settled is the design of the survey (including the division of 8 5 а а | he first thing to 
number of zones) as explained above. Once this is done the pre Whole area into а suitable 
the Statistical Laboratory. Preparatory work can start in 
38. Location of sample-units or grids. For this purpose 
maps (usually on the scale 16 inches to a mile printed on shee "à s 
the boundary of each plot together with the revenue serial it, a 
these maps. A simple apparatus (called a co-ordinatograph) bs 
at random on these maps. This is essentially а frame of A 
pieces of wood joined at right-angles at four corners. грне 
are mounted on the two opposite (and longer) sides of th 
(which is simply a piece of wood of about the 


Cadastral Survey village 
about 30" x 22”) are used ; 
er of the plot is shown in 
as devised for locating points 
ctangulay shape made of four 
den scales (called frame-scales) 


same width as the 40:0" dinatograph ; а bridge 
cularly to the two sides containing the scales ; and slides freely an wank) rests perpendi- 
scale (which is called the bridge-scale) is mounted on the е lem. 


A third wooden 
es freely a cursor 
8 of the frame while 


bridge 

carrying a pencil. The bridge thus moves parallel to the iv] 

the pencil on the bridge moves in a perpendicular direction, 
39. The operational procedure is simple. 


The c0-ordinat 
CE: atogra, 
A pair of random numbers say (x) and (y), each consisting of thr eo di 


on which slid 
Onger side 


Ph is placed on a тар. 
gits, is taken from avail- 
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able tables. The sliding bridge has an arrow mark with a notch at either end which is 
adjusted on the frame-scales at the reading corresponding to the random number (x); the 
sliding pencil on the bridge is adjusted at the reading (y) on the bridge-scale, and the pencil 
is lowered to mark the point on the map. ‘The co-ordinates of this point (with an arbitrary 
origin) are thus (x) and (у); and as this is a pair of random numbers, the position of the 
point is also purely random over the map. К 

40. The actual location of the points on the village map is done in three successive 
stages. А map is prepared on a large scale of 4 miles to the inch for distriets (or 16 miles 
to the inch for the whole province) under survey showing the division into zone-cells. Photo- 
graphs are now prepared of each zone-cell on a larger scale of about one inch to the mile 
showing the boundaries of each mauza (village) sheet of map falling within each zone-cell. 
These maps are placed under the co-ordinatoraph, and the required number of points 
(one for each grid) in accordance with the design of the survey are located at random. Each 
mauza sheet thus gets a number of points located on it at random which fixes the number of 
grids, it being possible, of course, for some of the sheets to get no points at all, or to get one 
point or more than one point each. Finally, the co-ordinatograph is placed on individual 
mauza sheets and the appropriate number of grids are located in the way already deseribed. 

II. In the above way the position of sample-units or grids are marked at random on 
appropriate village maps. Grids of the appropriate size (4-aere in the rabi season of 1944) 
are then stamped on the maps with the help of engraved brass plates. Each grid is marked 
in а specified manner using the sample point as the south-west corner point of the square. 
Phe grids are also serially numbered as they are marked on the village maps. This finishes 
what is called the location of the grids on maps. z 

12. Khasra or field lists. A list is then prepared of the revenue serial numbers of all 
plots Which lie either entirely within or partly within and partly outside each grid. A single 
slip of paper is used for each grid for convenience of field survey and subsequent tabulation 
уш At the top of each such sheet is given the serial number of the grid, its size in acres, 
Garis de police station cte., аз well as the serial number of the zone-cell, and the 
for ehe n Us )to which it is allotted. Necessary blank columns are provided in each sheet 
crops as Ps et pem plot the anna-estimate of the proportion of land under different 
üxid cartan Goller Dus ow. 1 he form also contains space for the signature of the inv estigator 
Wismar rS ША ticulars. The lists are supplied to the Field Branch and duplicate copies 

prepared for field and laboratory work. 


dB. Thali weaned Р , FIELD SURVEY — — ( e 
with C. S. maps "i cT ope is supplied with the field lists of grids allotted to him together 
consists of fc : ps b the villages in which these grids have fallen. Each field party usually 
Number of € MN езшш in charge of a field inspector. One such party works in a certain 
up their ae, nalis, Each party carries its own bundle of maps and other forms and takes 
Uim amsmecit ence in а village, the place where each party spends the night being called a camp. 
then 1855 any 99 Meg distributes the work among his investieators. Each investigator 
revenue serial 915 t field with the appropriate village maps, identifies the plots (of which the 
of the crops 115 bers are given in the field lists), and makes an actual physical examination 
proportion of aoe qe on each of these plots He then enters anna-estimates of the 
1 воот sess er different crops in the appropriate columns in the khasra or field lists. 
camp to another a aa works in a particular locality is completed the whole party 7 
haltages of or Even. Usually two or three days are spent at each camp ; but occasions: 
in touch with the heat de are also made. The inspector in charge of each field dane 
the accuracy of the vor qi by moving from one camp to another. Не is responsib e xc 
the sample-units from ti < done by his unit, and is required to check a certain prepa a 
instructions covering ame to time. Investigators and inspectors are supplied with detaile: 
ing different phases of the field work. 
а — a TABULATION OF CROP RECORDS : l 
йе аа 1 In the meantime the area of cach individual plot йтып, 15 
rsticules or Scales ava 8 ДЕШ list) is measured in the Statistical Laboratory. uy pi 8 
graph paper "i l Eom used for this purpose ; these are simply lantern slides on w 07 
РЕА 1 Pal er 15 photographed on a scale such that each small square is 0-01 acre. This photo- 
Fa nic scale is placed over the map and the area of that portion of each plot which is included 
and us I boundaries of the grid is directly measured by counting the numbr of squares, 
ntered in a column provided for this purpose in the field list. 
46. Crop records. The field investigators hand over the field list completed by them 
to time to the inspector in charge who then despatches the whole lot directly to 
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idi T у explained, anna-estimates of the proportion 
Statistical Laboratory, Giridih. Myopie чүт езе columns. After the field 
or Und Mer dispen steps are e in this ligt i = a-estimates are converted into 
of land un ived in the Statistical Laboratory, these anni estima ut ret sn in 
DU Бо Кышы 4 entered in columns provided for this purpose in the Li ratory ы 
decimal figures, m iss of that portion of the plot which falls within the grid has ^ 
ше A MN Maec column as explained above; multiplving the area figure by ! | 
already 5 vss of land under a particular crop, the actual area in acres under ene : 
estimated ШЕ Пе а series of columns provided for this purpose in the Laboratory сору o 
roe lens Adding the figures in each column, the total area in acres under cach eron 
me use oe ple-unit or grid is directly obtained. This finishes the stage of calculations o 
for 85 — or the crop acreage for each individual grid for each crop. | 
d л Estimates of acreage. For each crop, the grid proportions are then added, and in 
this way the average value is determined for each zone-cell. Multiplying this W — 
by the total area of the zone-cell, the crop acreage for cach zone-cell is next direct y са ai 
lated. Sub-totals are then built up for suitable administrative units, and the final estima 
is obtained for each district (or the province) as a whole. Каре 
48. Statistical analysis. The tabulation of сгор acreage is thus quite straightforward. 
A good deal of other statistical caleulations also have to be made for th« 
different sub-samples, estimating the margin of error, application of 
tests, and for studies of cost and variance functions 
go into these technical 


It will not serve 
details for which reference must be made to the 
already cited. 


e comparison of 
appropriate statistical 
any useful purpose to 
literature on the subject 
PRECISION OF THE RESULTS OF A SAMPLE SURVEY 

49. The precision of the results of à sample survey will depend on two 
(а) the fluctuations or errors due to Sampling ; and (b) mistakes in the 
(which depend on the reliability ог otherwise of the field work), Although these two different 
types of errors occur together in practice it is convenient to consider them separately, 

50. Errors of sampling. One great advantage of the Sample survey is the faet that. 
provided the sample-units or grids are located truly at random, (and more than one unit is 
taken from each zone-cell), it is possible to calculate the margin of error of the final result on 
an objective basis. It is clear that the precision of the result Will increase if we increase 
the size (area) of each individual grid or their total number, А little consideration will also 
show that if fluctuations in the intensity of cultivation аге large then the margin of error 
will also be large. In fact, the size of grids remaining constant. the margin of рети of the 
final result increases with the heterogeneity or variability in the intensit y of cultivation but 
decreases in proportion to the Square root of the total number of grids, [n the Matter of crop 
acreages it is usually found that the + 


he variability increases as the extent ОГ size of the region 
under survey is increased, but the incre ace much more slowly than 


things, namely, 
primary field records 


ase in variability takes pl 
the increase in the area itself, 


51. Two important consequences follow. 
same when the same number of 


area under wheat or 

: 38 a whole than with; 4 
В 1 г rs ле 

district. The percentage margin of error would be thu 5» Within any single 


$ much less for ү E 
whole. In other words, other things remaining the same, the Y t E — — 5 ч 
sample survey, the lower will be the percentage margi that js a | cover ed | m 
the relative accuracy of the results. The sample 8, the greater will be 
as the scale of operations is increased 
52. The second point which deserves notic the 
in theory be reduced to any desired extent by in m 


B ә Е Size and tha : ышт 
guine, Unt ушш гаша ШЧ total sampled area, But the greater is or peg 
оиса ecc Тайпин — . — involves Шейле greater 
expenditure. In practice there is, therefor Which it is usually not 
)ossible to increase the intensity of s [d ali 
T 53. Recording mistakes. Аз already no 
әл. Ж ЖА T — primary records are unreliable, no subsequent 
ашыны Шер илаш san be о? may real use. Unfortunately, under existing conditions in 

Bengal and Bihar, mistakes do occur in primary records,* Some of ise № adition, im 
ы * This subject has been further discussed in Section 9. 


ürgin of error can 


€ cost 


ted, the Precision of the results also depends 
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accidental and can be treated as integral parts of sampling fluctuations. There are, however, 
mistakes of an altogether different kind which arise from entries being made without proper 


phy: ul examination of the grids due to gross negligence or shirking of work on the part of the 
investigators. Such mistakes or false entries are more dangerous as they are not amenable to 


statistical treament. Special precautions have to be taken and suitable statistical checks and 
controls have to be incorporated in the design of the survey to detect (and hence to 
discourage) such dishonest work. 

54. Interpenetrating sub-samples. One type of control has proved extremely useful in 
Bengal. The total number of grids in each zone is divided into two equal portions say; Hand 
(В). The grids allotted to sub-sample (A) are scattered at random all over the zone; and, in 
the same way, the grids allotted to sub-sample (B) are also scattered at random over the whole 
area; the two sub-samples (А) and (В) are thus completely mixed up and inter-penetrate into 
one another. The information for the two sub-samples is collected by two entirely different 
sets of field investigators who work independently and at different times in the same zone so- 
that they never meet. The two sub-samples thus supply two independent estimates of crop 
acreage for the same zone. How far they are in agreement immediately furnishes a good idea 
about the reliability (or otherwise) of the results. А 

| 55. Duplicate grids. In practice, a certain proportion of the grids are also inten- 
tionally made common to both samples so that they are enumerated twice by the two 
different parties. A detailed plot by plot comparison of the records for such twice enumerated 
grids then shows how far the primary field work was reliable. The field staff knows that a 
i ei Propseáon of grids are surveyed twice; but is not, of course, allowed to have any 
pis — 8 ii ion as to which particular grids are being duplicated. This very knowledge of the 
xistence of a system of duplicated grids acts as a check on dishonest work. 


CROP-CUTTING WORK 
56 LH " 
ada E: iem per acre. Ro far we have considered the area survey from which we can obtain 
РОЙ Нон ӨГ 10 area under different crops. Our real object however is to estimate the total 
matter the Ж ӨШИ, It is ,therefore, also necessary to know the rates of yield per acre. In this 
bemade by mide б. complete enumeration is, in fact, impracticable so that estimates must 
and Басо a x 05 sampling process. The general procedure for this purpose is to measure 
collect the crop = le area in a field in which the crop is ready for being harvested and then 
ЖОК ded em dia ium. the measured enclosure and directly weigh the crop. Such crop-cutting 
of the area of th к üys more complicated than area survey. It involves careful measurement 
Пашану N m Е, the weighing of the erop as harvested and or after drying and 
fom "T d m y this, permission to cut the crop has usually to be secured beforehand 
be paid ; info а or or the owner of the crop, and sometimes a suitable compensation has to 
manures eto iiie e had to be collected about the variety of the crop, irrigation, use of 
m - or which individual cultivators have to be contacted. 
location o 1 ae, proper random ization. The fundamental issue, however, is the proper 
representative fiel ys In India the method often followed is to choose what is called 
trated beyond dig at es purpose. Extensive experimental studies have however demons- 
or in other ways invari sig the attempt to select representative fields by visual examination 
in his paper on ‘Some a у leads to biased results. F. Yates discussed this question thoroughly 
кш - апа mee of biased sampling.’. (Annals of Eugenics, Vol.VI, 1934-35 
n view а > 
that the only e PYidanes, therefore, I do not think же can escape from the conclusion 
whether it be from à win method of avoiding bias is for the sampling to be random, 
He has also clearly stated id field or from a human population. (p.213. 
mu Cuni ALD O the selection of the samples must be determined Py гош 
of choice оп the part ot epe я 1 x ^ ea sampled and free from any eieme 
5 - р server’. (p. 202). я 
is to Eds T Ок, work. The Mee requirement in crop-cutting work em 
to specify (a) the 8128 of zh zi on the principle of random sampling. In doing this it is 15 1 05 
are to be seleote li "^ 1 sample-eut, (b) the number of plots from which such n 
are to be 86 legt d un each zone, and (с) the number and manner in which the samp ded 
a Büitablo E ed E om each selected plot. Once the general design of the survey js set с j 
ате selected bef es plots (from among those falling within grids used for the мее px 
anded eiorehand. at random in the Statistical Laboratory, and lists of such plots & 
С over to the field staff. The investigators are then instructed to collect the necessary 
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number of sample-cuts from ~ e plots in a specified manner which 
1 1 reg * „tail i See ion 6. 

т poc) 0 вав беп special considerations also enter in preparing the 
ее & sample survey depending on the human agency which is available for the vns. 
For example, if the number of investigators is comparatively small they will have to move 
about a great deal from place to place for collecting the samples, 
sary to prepare the design according to, what is called in tec 
plan. For example, a certain number of zone-cells are first tr ! 
selected zone-cell a number of villages are next selected at random; within each such village 
à certain number of plots are again selected at randon and finally, within each such plot the 
sample-cut is located at random according to specifications. These are however details of 
technical procedure which need not be discussed here. 
60. There is one peculiar difficulty in cro 


has been 


In this ease it is usually neces- 
hnical language, the multi-stage 
selected at random: within each 


p-cutting work which may be mentioned in this 
connexion. In the area survey it does not matter at all whether some or even all the 


included within a grid have no crop growing on them; this will be 
‘no crop’. А plot which has no crop growing on it (or the 
harvested) is however quite useless for crop-cutting purposes. In selecting plots for such work, 
care has therefore to be taken to give a much larger number of plots than that from which the 
cuts would be actually collected in practice. Each investigator is instructed to go through the 
list in serial order, plot by plot, and stop as soon as the required number of sample-cuts have 
been collected. In case a plot is omitted and no crop is harvested from it, he is required to 
enter the reason for the omission, such as ‘по crop growing', or crop not vet mature’, or *erop 
already harvested’ as the case may be. In allowing plots to be omitted’ there is however, 
risk of some bias coming in, but this annot be avoided when the work has to be done by a 
comparatively small number of inves igators who have to move about rapidly from place to 


lace. 

b 61. Efficiency of sample surveys. Broadly speaking, whether in the CrOp:acreage or the 
crop yield survey, the essential feature of the sampling method is to select Á suitable number 
of sample-units located purely at random over the whole region undersurvey Estimatesaro then 
prepared on the basis of the information collected for the sample-units or Spiels E ee 
the total area actually sampled or surveyed is usually small: in acreage survey (as c; pra | at 
in Bengal) it is of the order of half of one per cent or even le dt the total d су (аз een i © | 
Tt has been found however that, with а Proper design, even such a sman g. а under survey. 

furnish final estimates of cr T 2.» Ven such a small fraction of sampled 
area can furnish final estimates of Crop acreage with a margin.of error not excecding 3 or 4 
per cent and this at a small fraction of the cost of a complete «етай — 3 “| ^ 
examination of the whole area. The respective advant, 0 E or p e р 
Survey and o > 


( түе advantages of the sampl 
complete enumeration have been discussed in Section 10. 


plots 
simply entered. аз having 
стор on which has been already 


SECTION 3. THE DESIGN OF THE SURVEY IN THE R 

62. А general description of the method of the 
in Section 2. It will be remembered that the total budget being f xed, the obje 
preparing the design of a survey w аз to decide the size (that is, arca) 
sample-units or grids in different regions or zones of the area unde 
the final results should have the highest possible precision. 

63. In order to prepare an efficient design or programme 
it is necessary to have a good deal of preliminary information rel 
cultivation, that is, the proportion of land under differe 

such intensity of cultivation from region to region; ar 
sizes and. densities of sample units ete. | 
64. Practically no information was available on the above points (exce 
or district crop acreage figures às were given in old Settlement es 
a good deal of 5 of 1 i ш it Be 
je decided therefore to use the Bengalinformation SET we x UE 
lai erii survey in Bihar making Me 10 c us considered uua dis Min one 
crop in par ticular in the two pus ag h ^; is rm ову, Аз the field work would have 
to be started at the latest A : ie Sti tisti à IL b Tuary 1944 there Vas very little time to 
complete the preparatory work in the Statis don. JA DOFdtOEy. Tj Was decided, therefore, to use 
atively simple design avoiding all intricacies and complications. ? 
a e ^ di Size ој grids. The first point to be settled was the size (that is, area) of e 
unit 18 In general this size need not be constant in all regions but may vary 
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sample Survey has been already given 
ct aimed at in 
. as well as the density of 
survey in such a way that 


of Survey 
ating to 
nt crops in different 
nd the cost of е 


for this purpose 
the intensity of 
areas: variations in 
numeration for different 


pt such divisional 

Wie had, however 
ngal extend; d м 
5% extending over several years. 


ach sample- 
from region 
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to region depending on intensity and variablity of conditions of cultivation. In order to avoid 
complications in the field survey in the very first season of work in Bihar it was decided, how- 
ever, to use grids of only one size; and in the light of Bengal experience a grid of 4-acre of square 
shape was adopted. в E 
„ 66. Density of grids. The second point to be settled was the average density or number 
of grids per square mile. Here again in order to simplify the field work it was decided to avoid 
large variations and the average density to be aimed at in the exploratory stage was fixed 
at two grids or sample-units per square mile. р i B 
| 67. Zoning. | may now refer briefly to the question of zoning. Theoretical considera- 
tions show that if any particular area (in this case а district) is heterogeneous in the sense 
that the intensity of cultivation varies appreciably from one part to another then it is 
advantageous to divide the whole area into a suitable number of zones, the aim being to make 
cach zone as homogeneous as possible. In Bengal we had found that the thana (or police 
station) was quite a convenient unit for purposes of zoning. In Monghyr and Shahabad we 
found. however that the area of the revenue thana was rather large. It was therefore decided 
to split up each revenue thana into а number of smaller zone-cells roughly of the order of 40 
ог 50 square miles in area. In fact each of the districts was partitioned into 96 such 
zone-cells, the boundaries of which are shown in the accompanying Charts (1) and (2). 
68. In partitioning these zone-cells advantage was taken of natural features like rivers 
E hills, but care was taken to keep the boundaries of villages intact so that the whole of the 
акан dn each village would lie entirely within a single zone-cell. The total number of sample- 
pco M each zone-cell was decided on the basis of an average density of two grids 
м 1 e. I ле number of grids falling to the share of each zone-cell was thus simply 
ties aren expressed in square miles. 
РҮ." ато sub-samples, The arrangement of sub-sampling has been already 
йй сыш Кайы aa this 5 шеки allotted to a region are divided into two equal 
The distribution of the tw. m + Me ee Sec тари (А) and sample (B) а 
ыы ie »-samples can be made in various ways. For example, suppose 
units and call thie i samp e-units to a district, we may prepare the design with 2,000 sample- 
again with „ (A). We may then independently repeat the whole process over 
would be to locate a = 0 E ids, and thus obtain a second sub-sample (B). Another method 
equivalent method) ped ＋ grids at a time and then by tossing a coin (or by some other 
sample (B). It is elim s ? c random one of each pair to sub-sample (А) and the other to sub- 
would require а emn | = the preparation of the sub amples by either of the above methods 
detail would те s us 5 of time. Secondly ‚ such inter-pe tion of the two sub-samples in 
Detailed inter- ve he 1 of the two parties of investigators to go over the entire field. 
work ‘but 9 и hi Оше not only require a good deal of additional preparatory 
70. заты ring a санау 177 ae api pio ey. ——É—— 
Well as for simplifying the fi Sts of zone-cells. For lack o time in the preparatory stage a 
Bihar such demi с e ield work we did not think it advisable to use in the rabi season in 
inter-penctration = 9r PAL pees inter-penetration of the sub-samples. Instead of detailed 
Each pair of adip or we arranged the 96 zone-cells into 48 pairs of adjoining zone-cells. 
either sub-sample (Aye zone-cells comprising about 100 sq. miles was alloted at random to 
would have been ae to sub-sample (B). In the method of detailed inter-penetration, work 
zone-cell was done by *u еп zone-cell by both the parties. In the presentdesign, work ineach 
the two stb-samples woul one party. With detailed inter-penetration a comparison between 
design, valid comparison а have been possible for each zone-cell separately. In the present 
71. In the present ДСУ һе made for each sub-block or for the district asa esl : 
grained fashion with inter. penstrat e thus used the method of sub-sampling ina ташы age 
or sample-units themselves T e ration at the stage of zone-cells instead of at the stage о E s 
from 1 to 96. This serial 7 n Charts (1) and (2) the zone-cells have been numbered serially 
the sub-sample to which the a та by M the letter (A) or the letter (B) to indicate 
2 $ на -cell was allotted. 
the ваї 5 Т li s wi be convenient at this stage to explain the started. 
Sub-blocks each of suh "uh ы was divided into three blocks; and each block 4 cbe 
of 16 zone-cells each. Each bl ab 0 of 16 zone-cells. We thus had in each айо а RA 
Were 4 field parties 11 90 A d а was placed in charge of a chief inspector under me 1 
investigators i а eid party consisted of 4 investigators under one inspec Gr. ? 
gators in each party worked in two groups of two, called pair (1) and (2), the two pairs 


p - cies 
Байар. Bengal these are called ‘half-samples’ to indicate that the complete sample was made up of two 
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working in two adjoining cells. Two of the four parties in each block worked in sub-block 
(1) and the other two parties in sub-block (2) .Of the two parties in each sub-block, one party 
belonged to sub-sample (А) and the other party to sub-sample (B). 

73. Haltages. 'Тһе field survey was scheduled to start early in February 1944 and to 
continue for a period of 60 days which was divided into 5 haltages of 12 days cach. The field 
work actually started on the 12th February and was closed on the 13th 
covered being 62 days of which 2 days were non-working days on 

74. Time programme. The time programme can be best explained with the help of the 
two charts (1) and (2) in which suitable code-numbers are shown in the different zone-cells. 
As already mentioned, out of the 16 cells in each sub-block, 8 belonging to sub-sample 
(A) are marked with the letter (A) and the other 8 belonging to sub-sample (B) are marked with 
the letter (B). The first number gives the serial number of cach cell. This is followed by 

the letter (A) or (B) showing the sub-sample to which the cell belongs. This is followed by 
the number (1) or (2) showing whether the work in this zone-cell was to be done by pair (1) 
or pair (2). The second number (running from 1 to 5) indicates the serial numb di f the 
haltage, or the 12-day period in which any particular zone-cell was to be ат T r е Thus 
in Chart (1) for Monghyr at the very bottom we хее the zone-cell with numl "rear 1 which 
means that the serial number of this zone-cell 8 (CL) Sag belongs to sub-san : | ^ [AY a d tl ` 
work in this cell was to be done by party No. (1) in haltage No (1) Th 2р е 4); anc А Ki 
the same chart has the number 3-B-1-4 which indicates that the serial nu е 2 * pa 
(3) ; it belongs to sub-sample (B) ; and the work in this cell was to be dor ^ ЖЕ еа - Y 
in haltage No. (4). "The time programme was arranged in such a wa еа — party No. (1) 
possible a fairly even distribution of enumeration work in the differs "utu ud ШЫ 
whole district. ent haltages over the 
75. Duplicate Enumeration. As already 
to adopt a fine grained sub-sampling arrangement. It was t 
to provide other statistical controls in the design ; and it was arranged t] > 
work would be done over again in duplicate in 25 per cent EE 2 à 125 that the enumeration 
In each sub-block 4 zone-cells, two belonging to sub-sam ү: ve s in the fifth haltage. 
were selected at random and arrangements were made tà Нана oe two to sub-sample (B) 
by the second party in the fifth haltage. Thus the zone-cell enumerat o erated over again 
the main survey would be duplicated by party (B) in the ie et by party (A) during 
programme of work in the fifth haltage is shown in the chart шнде ; and vice versa. The 
in Chart (1) in Monghyr, one cell has the ipse na TATE e vin brackets. For example, 
serial number of the zone-cell is 7; if belon 2 (В-1-5 This shows that the 
work here was to be done by party No. (1) in haltage No (2) ; ава in the main survey the 
work in this cell would be done over again in duplicate Ь ен 122 also that the enumeration 
haltage. Further controls were provided in the form of "an P BN Pair No. (1) in the 5th 
6 to 8 per cent of the sampling-units by a number of special Mii licate enumeration of from 
parties were used in the third haltage to carry out ап lidera of workers. These special 
sample-units in certain selected zone-cells in which enume pendent enumeration of the 
either in the first or second haltage and in which the enum oration work was done once 
be done again during the fifth haltage. eration work was scheduled to 

76. Complete enumeration of plots. In each block a centr 
special party of 4 investigators was stationed there for certain ‚ 
haltage of 12 days the special party in each block c. 
of а compact area of from 50 to 60 square miles in the neighbour enumeration 
In this complete enumeration the investigators noted for — w. the block camp. 

of land under different crops, current or old fallow etc. The . 1 plot the proportion 
information was to provide material for studying what is Salle object of collecting this 
model sampling experiments in the Statistical Laborat. n 


ory. 16 variance function by 

77. In the next haltage or the second 12-day period the "m | 
block camps were interchanged so that a new party arrived at ее ты parties in the different 
the work done in the first 12-day period. The purpose of di к: camp and duplicated 
enumeration work was two-fold. Firstly, to ensure the reliability df “ee _the complete 
on which would be based subsequent studies of the variance fun i раху mia toniel 
furnish some idea regarding the degree of reliability of such primary Ej м Secondly, to 
discussed in Section 9). ork. (This has been 
78. In the next haltage during the third 12-day period e 
as already mentioned, in the duplicate enumeration work in sel 


and fifth haltages the special parties were engaged in crop 


April, the total period 
account of the holi festival. 


mentioned, it was not possible for lack of time 


herefore considered advisable 


gs to sub-sample (A) ; 


al cam 


auxiliary work со 
атр was engage Y Work. In the first 


ach special 

party was engaged, 
ected zone-cells 585! h 
-cutting work. In the fourt 
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79. Auxiliary parties. Besides special parties at block camps, three auxiliary parties 
were used at three centres, Hilsa, Irki and Bettiah in the three districts of Patna, Gaya and 
Champaran respectively. Each of these parties spent 20 days at each camp in complete 
enumeration work. During the remaining period these auxiliary parties were engaged in 
crop-cutting work. F 

S0. Precision experiments. Two camps for precision experiments were opened at 
Gogri in Monghyr district and at Bikramgunj in Shahabad district. Four technical workers 
(with first class! A. Sc. degrees in Statistics or Mathematics) were sent from Calcutta to take 
charge of the work at these two centres. Harikinkar Nandi assisted by Anil Kumar Gayen 
was in charge of the work at Bikramgunj. Nirmal Kumar Chakravarti assisted by Gouri 
Sankar Chatterjee was in charge of the camp at Gogri. From five to eight investigators MES 
posted at each ef these camps ; and material was collected under close supervision for studying 
the technique of crop-cutting work, enumeration of mixed crops and other special problems. 

Sl. It will be noticed that the programme of work was quite comprehensive. 
Unfortunately, owipgz to the late start of the field work, the whole programme could not be 
completed in detail ; but a great deal of valuable material was collected. The present report 
gives the results of the analysis of the above material as far as this has been completed ; but 
work is still proceeding. 


SECTION 4. GENERAL ACCOUNT OF THE SURVEY: RABI 1943-44 


. 82. A general account of the стор survey in Bihar in the rabi season of 1943-44 is 

given in this Section. 
STATISTICAL. BRANCH 

Е $3. Shortly after my visit to Patna and personal diseussions there from 16th to 18th 
November 1943 | was informed that the Government of Bihar had generally approved of the 
scheme submitted by me, and desired to have an exploratory crop survey organised m the 
rabi season of 1943-41. The statistical work was to be done by the Indian Statistical Institute 
under my guidance, while the field work would be done under the direct control of Government. 


ARRANGEMENTS AT GIRIDIH 

,94. From Patna I returned to Caleutta, the headquarters of the Indian Statistical 
Institute, and made preliminary arrangements for starting the Bihar scheme. А portion 
of the Statistical Laboratory had been ‘removed from Calcutta to Giridih as an.evacuation 
measure early in 1942. The main library and valuable records and other equipment of the 
Indian Statistical Institute were housed there in premises called “Mahua” which had been 
handed over to the Institute free of rent for the duration of war and one year thereafter by 
Mrs. Р; ©. Mahalanobis. About 50 persons were working in the Giridih Branch at the end 
of November ; and it was decided that the bulk of the statistical work in the Bihar scheme 
should be done there. 
do ek 85. l went to Giridih on the Ist December accompanied by Mr. J. M. Sen 12 
A кы the work on the Bihar scheme. А good deal of material in the way of Sett eni 
ЧЫЙ СА аер апа Season Reports, district maps ete. required for this purpose han NS 
issued by Gow’ ШУ visit to Patna and had been already sent to Giridih ; orders were г 
à оу Government on the 30th November 1943 to have two sets of C. S. village maps 
sent b Immediately, 

99. | the first design ү, е Н ecretary, Revenue Department) 
was very keen that the т e bore rise be ali included in the survey. 
As the total area proposed to be covered was large, something like 42,000 square miles, while 
the field staff would be comparatively small it was decided to adopt a two-stage design with 
the random selection of mauza maps те first stage and location of grids at random within 
selected mauza sheets in the Second stage. А good deal of labour was spent in the tabulation 
of crop records ; preparation of maps etc ; and the first design for the survey was got ready 
by the first week of December 1943. G. S. Village maps were, however, necessary to start the 
actual preparatory work of locating the grids am appropriate village maps. During my visit 
to Patna in November I had emphasised the importance of the C. S. village maps reaching 
Giridih at а very early date for this purpose. Unfortunately, there was great delay 55 
receiving the village maps. On the 15th December maps had not yet arrived ее. 
220 et oe wheat districts. Tt was clear that the preparatory work on the scale originall) 

©posed could not possibly be finished in time. 7 $ r 
ious 87. The second design for the survey. During my visit to Patna on the E 
43 it was, therefore, decided to give up the original scheme, and to restric SP. 
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— y two districts Shahabad and Monghyr for which village maps had reached 
Gir. "rhe original design o the survey had to ts abandoned ; and work had to be started 
Н iately a new design. 
кше of accommodation. I have already mentioned that about 50 persons were 
working at Giridih at the end of November. А staff of at least 180 was 
to finish the preparatory work in time for the rabi survey. i 
(Statistician in charge of the Giridih Branch) to appoint as many local workers as he coulc 
get; and decided to transfer the required number of men from Calcutta to Giridih, у 
89. Proposal for land acquisition. Our outstanding difficulty was, however, lack of 
accommodation. I had pointed this out during my visit to Patna, and I had suggested that 
certain pieces of land adjoining the premises in the occupation of the Institute should be ac- 
quired through the Land Acquisition Act and that the Institute should put up necessary 
structures at its own cost. My proposal was approved in principle by the Government of 
Bihar, and we were assured that full Government support would be given to us in this matter. 
Instructions were issued accordingly to Mr. J. $. Wilcock, Le.s., Deputy Commissioner, 
Hazaribagh, to help us in securing necessary accommodation for 
Giridih on the 2nd. December 1943, and on the 3rd 1 discussed with him our immediate 
requirements. Pending acquisition of land, certain premises (belonging to one Mr. Myers) 
adjoining the Institute premises were placed at our disposal through his good offices from 
the 8th December 1943. 

90. This made available to us some b 
housing problem at Giridih. We, therefore, submitted to Govern 
1944 an application for the acquisition of certain lands. 
end of March I had the opportunity of 
Francis Mudie, then Governor of Bihar 
would be taken in this matter by Government. А little later notification for acquisition 
of land for the Institute was issued, and official enquiries by the Land Ace uisiti à llector 
were held in June and July. In the meantime we purchased a. large quantit 7 ree н pes 
iron (with permits issued by the Government of India on the recommendati 5 of th You fe 9 70 
ment of Bihar), bricks, and other building materials ; but our Sickert on o » аш A 
been held up as orders for land acquisition had not been issued by — arcu, the 
time of writing this report. This is very seriously hampering the Bihar кау Beane: a, 

PREPARATORY WORK ` 

91. General arrangements. The new design for the 
has been given in Section 3) was completed by the end of De 
to be attended to in organizing the preparatory work on 
the 7th January 1944 where I discussed matters with Raj 
went to Giridih. In the meantime, local re 
at Giridih ; and about 60 men were also tr 
had not only to be housed but also fed : 


; at one time four differe 
to be run by the Institute for this purpose, ES 


92. Location of grids and preparation, of field lists. The first елу Б 
was the sorting and grouping of the village maps by thanas which ji o be undertaken 
undertaking. This was followed by the location at random of eighteen ne itself was a large 
or grids on appropriate village maps. The preparation of field fits "Mund sample-units 
lakhs of plots also proceeded simultaneously, Sts of more than two 

93. After marking the grids on the appropriate y maps, t] 
bundles among the two samples (A) or (B), six different, sub. block le 
accordance with the design of the survey. There were also various = 
routine type in getting things ready for the survey, e 

94. Special difficulties. Unforeseen difficulties also 
of these is worth mentioning. Maps of certain villages in 
of a very large number of separate sheets, and in one 
170 different sheets. No consolidated. village map showing 
sheets was available. It was impossible to locate the grids ir 
to identify the grids. It was necessary therefore to prepare 
showing the boundary of each individual sheet, | 
| 95. This could be done in the usual way by tracing and Preparing drawings to scale 

which however would take an ча be anas = time. A photographic ea pes 
therefore, devised for this ex und 9 — 1 3 ~~ was photographed on а small scale 
on cinema films with a microfile camera and contac prints were made. Each print was 


‚ however, necessary 


1 asked Mr. N. T. Mathew 


our work. He came to 


adly needed floor space but did not solve the 


ronment on the 15th February 
A E 8 During my visit to Patna at the 
discussing this question with H. E. Mr. (now Sir) 
» who very kindly assured me that, immediate action 


а i description of which 
i p ber 1943. Many details hail 
Bias T I went to Patna on 
iti ahadur S. P. Sinh e 

cruiting of additional h P. Sinha ; we then both 


t ands had been proceeding 
Ming ги n proceedin 

ansferred from Calcutta to Giridih These men 
nt kitchens had therefore 


illage , 

аре 5€ were sorted into 
and five haltages in 
ritems of work of a 
arose 


Mongh 
case a aj 


from time to time. One 
Yr district cach consisted 
à single Village had more than 
the boundaries of the different 
1 the correct; proportion or even 
а map of each village as a whole 
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cut out along the actual village boundary ; and these small village contours were then fitted 
(something like a jig-saw puzzle) into a map of the village as a whole. This reconstructed 
map was then again photographed, and a print was made on an appropriate scale to fit into 
the thana map. The volume of photographic work was large as nearly 3,000 different pho- 
tographs had to be made of village maps for the preparatory work in the rabi season alone. 

96. Completion of preparatory work. The preparatory work had to be done at high 
pressure, but inspite of many difficulties it was completed in time. By the end of the first 
week of February 1944 all necessary maps, field lists, charts, instruction sheets ete. were 
ready for being despatched to the field branch according to plan. 


ORGANIZATION OF THE FIELD BRANCH 
SUUS Preliminary arrangements. Wai Bahadur S. P. Sinha was appointed Superintendent 
of Statistical Surveys just before the Christmas holidays ; but even before formally taking over 
charge he met me in Patna on the 17th and 18th. December 1943 to discuss matters relating 
to the organization of the field branch. He and Mr. Priti Ranjan Sen of the Revenue 
Department came to Caleutta on the 25th December 1943 and stayed there for a few days 
to look into arrangements relating to the Crop Survey Scheme in Bengal. 

98. Loan of Bengal staff and local recruitment in Bihar. The recruiting of the field 
staff was started in January 1944. Rai Bahadur Sinha suggested that as time was short it 
would be a distinct advantage if arrangements could be made to send on loan from Bengal 
a staff of experienced crop survey workers to help in giving training to the locally recruited 
qtd — m also generally in organizing the exploratory survey in the rabi season. 
тине | 8 en to this proposal, and. 74 crop survey workers were sent to Bihar on loan from 
Kumar жи 5 two field supervisors Me „Dhirendra Mohan Ganguli and Pranay 
oe eam nro 4 technicians, Harikink r Nandi, Nirmal Kumar Chakravarti, Anil 
Statistios T 15 anc Gourishankar Chatterjee who were all first class m.sc.’s in either 

Skies Mathematics. 
inks tena ш of field staff. It will be remembered that the field programme was divided 
districts Shears pure the general or extensive scheme covering the whole of the two 
concentrated i. 75 and Monghyr and the special (or intensive) scheme in which work was 
OUS Wore = eligi centres in each of the two districts Shahabad and Monghyr, where work 
paran districts Pli eln d was done. In addition, certain areas in Patna, Gaya, and Cham- 

100. The staff на das by moving parties for work of a preliminary nature. 
gives the names of he oyed in the different schemes is shown below in lable (4/1). Col.(1) 
S istricts and centres; and cols.(2) to (5) the number of different categories 


FABLE (4/1). DISTRIBUTION OF FIELD STAFF BY DISTRICTS AND SCHEMES 
НЕ E o 


m Bengal | Staff recruited in Bihar | Total field staff 


Staff on loan 


max [Get р Ж MEE i Ut] | | 
* "Aspen: Inspec- Investi-Total inspee— Inspoe· Investi- Total inspec- |Inspee- Жауга "Total 
PEE um 1. tors | gators | tors tors | gators | tors | tors | gators | 
Р = — — | | "m 
ЖИ. | (D (5) | (6) (т) | e&jol ao | an | a» | 3) 
Shahabad 3 GENERAL (EXTENSIVE) SCHEME 
Monghyr 3 | 12 | 12 | от 3 11 24 | 38; 6 23| 36 65 
w ү 3t 26 3 n | 26 | 40 в | 23 37 66 
Total 6 | ЕЗ | — | 
& | 9з | № 6| 22 | so | 3f 12 46 73 131 
Shahabad A 1 1 SPECIAL (INTENSIVE) SCHEME 
Monghyr — | | 8 9 = 22 9 9 = Ld oe | 18 
. Gaya, ш | 8 9 t | Ex. 10 10 | == 1 | 18 19 
© Champaran — | 1 | i 
——— „ = e" ef She 1 1 8 
"T'otal e CAS карк | | — 
| 18 РГ з | u$ 45 
Grand Total | | E "DW 155 ЕЗ 


Of workers se - 

—— S n: on loan from Bengal; col.(2) gives the number of chief inspectors; col.(3) 125 

аена Grae col. AH the number of investigators; and col.(5) the total number. eee уа 

tombined Е Is given for the staff recruited in Bihar in col.(6) to (9) respectively and for 27 

inspector. staff in col. (10) to (13). The Bengal staff of 74 consisted of 6 chief inspectors, 

of 6 chi 1 investigators; the number of workers recruited in Bihar was 102 consis ing 
tief inspectors, 22 inspectors and 74 investigators; the combined field staff in the scheme 
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was thus 176 made up of 12 chief inspectors, 49 inspectors, and 115 investigators. There were 
also 4 technicians (or trained statistical workers) and two field supervisors from Bengal, and 
the Superintendent of Statistical Surveys and his assistant in Bihar. 


PROGRESS OF FIELD WORK 


101. Training of field staff. It had been decided to give some preliminary training to 
the newly recruited staff in Bihar, and a training camp was opened for this purpose on the 
3rd February 1944 at Gogri in Monghyr district. The six chief inspectors and а number of ins- 
pectors from Bengal in charge of two field supervisors also went there to organize the training 
camp, and all Bihar trainees were instructed to join there. Training was given for one week 
after which the field workers went to their respective centres of work. In the meantime .the 
remaining workers from Bengal went to their respective 
Statistical Laboratory carrying with them all necessary maps, field lists ete. 

102. Progress of field survey. Actual field work was started on 12th February and 
was continued for two months terminating on the 13th April 1944. Тһе total 
period of work was 62 days out of which two days were treated as holidays on account 
of the holi festival so that the actual period of work was 60 days divided into 5 haltaves of 
12 days each as already noted. The field work proceeded smoothly and was com Лебед | at the 
scheduled times under the able supervision of Rai Bahadur S. P. Sinha. The totel vol 7 1 
distribution of work have been given in Section S. ` 1 

103. Conference at Bikramganj. 1 went to Patna on the 23rd March 1944 
а ч. d preis and. stayed there for two da и 
Rai Bahadur S. P. Sinha, his Assistant Supervisor, the two field Irene m 
Dhirendra Mohan Ganguly and Pranay Rime Chatter] 3 ide ee isors from Bengal 
tical side Messrs. J. M. Sen Gupta (in charge of Bengal Crop Sur pe E e" On the statis- 
(in-charge of Bihar Crop Survey work at Giridih) and the 4. technicians аы? м. Т. Mat hew 
Anil Gayen (in charge of the special camp at Bikramganj), Nirmal Ku ж : пш: Nandi and 
Gourishankar Chatterjee (in charge of the special camp at Gogri) 1 "e thakravarti and 
Bikramganj. We availed this opportunity to have not only a joint ing ines " alio: assembled at 
but a series of joint discussions lasting for several hours each dav p Чоп of the field work 
technique of field operations. The problem of mixed crop, and a nli — relating to the 
cutting work received special attention. Certain decisions Ward Bee mg procedure for erop- 
which reference will be made in appropriate sections, reached at these meetings to 

104. Contact between field and statistical branches, Thr 
close contact was maintained. between the field and — eo the progress of the surv ey 
Rai Bahadur had come to Calcutta in the fourth week of Beem 10 As already mentioned, 
the 17th January 1944; and then we both went to Giridih Rai Bal ЫЗ; T went to Petna, on 
the 17th February and again early in April, while I had — te ? iadur came to Calcutta on 
field work at the end of March. Besides this, wor atna and had inspected the 


з Я rkers from KE. ie 
to Patna from time to time to discuss various matters, the Statistical Laboratory went 


camps directly from the Giridih 


E i and then to 
ys for inspecting the field work. 


TABULATION AND STATISTICAI, ANALY 
105. Original plan for tabulation of rabi records. 
field staff to send the material collected in cach haltage as soon as 
to Giridih. At the statistical end the intention was to arrange = Aen 
preparation of accumulated totals for each haltage so iso op су 
would be available within a week of the receipt of the field 1 0 di 
І went to Giridih on the 10th February and st 4 
arrangements for this purpose. 
106. Delay in arrival of field records. The pl 
fortunately, there was considerable delay in the d, 
or three haltages owing to a very trivial hitch, n. 


SIS 
Instructions 
nstructions had been given to the 
were ready, directly 
Ew tabulation with the 
Borde ваа of the survey 
ayed there for ab % Ав already mentioned, 
about а week to make necessary 
an was however 
espatch of field р for two reasons. Un- 
amely, the lad Fame during the first two 


Туёна аре. Field m Of provisinn F : 
ostage stamps by the investigators. Field records began to reach Giri 11 Ovision for purchasing 
the 29th February 1944 and were tabulated as fast as possible Cin small batches front 


107. Change of plan. By the third week of February — 
which made changes in the plan inevitable. In the original Scheme it hadhments had occurred. 
in case the work in the rabi season progressed smoothly, a survey on ae een proposed that, 
would be taken up in the bhadoi season in which field work would start аша larger scale 
or early July. The original plan was to complete the tabulatio 1e end of June 
tlie rabi season by the end of April, and start the preparatory work for ена 
sometime in early May as workers became free from rabi tabulation, 
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108. Preparatory work for early makai (maize) survey. Rai Bahadur S. P. Sinha had 
however suggested that a small scale survey of the early makai (maize) erop should be taken 
up in May in certain tracts of Monghyr, Purnea and Bhagalpur. As this would give good 
opportunities for strengthening the field staff I readily agreed to the proposal and 
Government sanetion was obtained aecordingly. А good portion of the Giridih staff had, 
therefore, to be engaged in the preparatory work for the makai survey. 

109. Enlarged scheme for the bhadoi survey. Another decision made at the end of March 
necessitated further changes in our original plan for tabulation. The field survey in the rabi 
season had been organized so successfully that Rai Bahadur thought there would be no diffi- 
culty in attempting а survey on a full provincial scale in the bhadoi season of 1944 instead of 
waiting till the aghani season of 1945 азргорозе т the original scheme. Examination of the rabi 
records showed that quality of field work had been quite satisfactory; and personal inspection 
of the field work at the end of March convinced me of the soundness of the Rai Bahadur's pro- 
posal. Government sanction was, therefore, obtained and necessary arrangements were made 
for starting the preparatory work for the survey in the hi season from the begining of April. 

110. Slow tabulation of rabi records. Thus, owing, first, to the initial delay in receiving 
the field records; and secondly, the starting of preparatory work for early makai and bhadot 
Surveys, the staff engaged at Giridih on the rabi material had to be reduced appreciably. 
Further increase of staff at Giridih was not possible for lack of accommodation. А portion of 
the Bihar work was therefore transferred to Calcutta which caused delays. I went to Giridih 
15 bei April and stayed there for three days to see to local arrangements. As priority had 
ede given to the preparatory work for makai and bhadoi surveys, slowing down of the 

Ualon of the rabi materials became inevitable. 
on — ; amina report. A preliminary report on the survey in the rabi season based 
has ue 5 E collected in three (out of five) haltages, that is, up to 28th March was, however, 

itted on the 28th April 1944. 


ET Е oos ini delays. It was my intention to submit another report in the course 
Bal Been 1 б us was not possible for unforeseen reasons. The primary tabulation of rabi 
the 16th May dem by the middle of May, and I started writing the report at Kalimpong on 
to:discuss mation, 1 was, however, obliged to go down suddenly to Calcutta on the 19th Mus 
Unfortunately ТЇ relating to the Bengal Crop Survey Scheme with the Government of Benga i 
on She — 5 заа ап acute attack of appendicitis at the end of May which interrupted work 
H. E. Sir T. G | e l also obliged to cancel my visit to Patna for an interview which 
Continued ill E рош Governor of Bihar, had kindly agreed to give me on the Ist June. 
(which had b еч t was well as pressing work in connexion with the Bengal Crop Survey Scheme 
ered with "v n sanctioned in the meantime on a much enlarged scale for three years) inter- 
аЫе to — . of the present report. Another difficulty was that in Calcutta I was ptt 
to my SIRE 11 ће primary records and tabulation sheets which were at Giridih; while, owing 
s Ss, L was unable to go to Giridih for several months. 


113. Phe wy А ^ 

ed 1 99 5 thie present report. Т arrived at Giridih on the 2nd October and immediately start- 

17th October Pi каш but there was another interruption as I had to go to Calcutta in the 
nd stay there for about a week for some urgent statistical work of the Govern- 


ment of Bengal. The ù | 
Le пе. Т he report was, however, finished on the 31st October, much later than I had 


114. Without th ACKNOWLEDGEMENTS M i 
tute a scheme of this ER 1 a srudging help of my fellow-workers in the Indian Statistical m 
helped me all along n + could nothave been successfully carried out. Mr. J. M. Songun 
work féll on Mr. № T. Mag anning and the superior direction of my work; e 1 111 il 
ably assisted by the losa] ‘ew who was in charge of the statistical work at Giri ү SUE 
Rajendrachandra Bov D Staff, among whom Jitendranath Taluqdar, Haribhajan Chou ту, 
mention. M B 185 ecd hirendrachandra Sarker, and Probhat Ranjan Sinha deserve 10 
work at Ж} E " rajokishore Sinha was responsible for finishing in time the heavy photograp. i 
AST M d preparatory stages. In the field branch good work was done by the 11 1 9 
technici ps Dhirendra Mohan Ganguly and Pranay Kumar Chatterjee and t P^ T 
Sh: E Gat Harikinkar Nandi, Nirmal Kumar Chakravarti, Anil Kumar Gayen and Gouri 
Shankar Chatterjee whose services were sent on loan to Bihar from the Institute. 


PART 2. RESULTS OF THE RABI SURVEY 
SECTION 5. AREA UNDER ВАВТ CROPS: 1943.44 


i sent section gives the results relating to the 
9 a eem in the iin. The programme of work w 
a га 12-day period. In certain regions harvesting st 
ers cun. Gh and 20th March 1944) or practically from the m 
ee €! Area, survey along with crop-cutting work w 
1 And April) and fifth (3rd April -13th April) haltages, but in the | ке erm 
deal of the crop was found to have been already harvested, Chis naturally affe. tec a 
results of the area survey; records for masuri were mostly missing as much of the crop е 
been harvested before the area enumeration could begin; and this crop has been omi 
from the present report. 


area survey which, as already 
аз divided into five haltayes 
arted from the third haltage 
iddle of the arca survey pro- 
as continued during the fourth (21st 
atter haltage a good 


CROP ACREAGE BY HALTAGES 
116. Table (5/1) gives the area (in thousand acres) of five į 
gram, arhar, and khesari) by districts and haltages, The serial n 
in col. (I); the period (date) of Survey in col.(2); and the 
enumerated in col.(3). The area in thousand acres is 
five crops, wheat, barley, gram, arhar, and khesar 


mportant crops (wheat, barley, 
amber of the haltages is shown 
total number of g 
given in successive 
i respectively, 


rids or sample-units 
cols. (4) to (8) for the 


TABLE (5/1). CROP AREA TN THOUS 


AND ACRES BY DISTRIC 


Serial 


SAND HALTAC 
Number p 

No. of Period of of grids — Aron in thousand acres under Е | 
haltages | Enumeration | Wheat | Barley Gram | Arhar ‚ Khesari 

u) | (2) 118) (4) E (бу) | ( | (8 

DisTRICT : БНАНАВАЮ (AngA = 2,798,000 ACRES) 

1 11 Feb - 23 Feb 1607 t 98-31 

2 25 Feb- 6 Mar 1636 81-11 

3 8 Mar- 20 Mar 1596 71011 

4 21 Mar- 2 Apl 1433 56-13 

5 З Apl - 13 Apl 1051 18-47 
1-8 11 Feb - 13 Apl 1323 69.30 

Disrricr : Moxonyn (Anna = 2,370,000 ACRES) 
12 Feb - 25 Feb 1408 307 -22 65-49 4 

- 26 Feb- 7 Mar 1539 244 -94 71-70 144-30 

3 8 Mar- 20 Mar 1413 . 65 -42 4 

d 21 Mar- 2 Ар 1488 327.5 65-03 

5 3 Apl - 13 Apl 1181 188-16 24 4] 
1.5 12 Feb - 13 Apl 7029 267 -96 59-77 


95.67 


117. The chief point to be noted in this table is the steadily de 
practically all the different crops in succe: ; 


ssive haltages, This 


Teasing area under 
я . Was presum 7 > to the in- 
creasing proportion of the erop having been harvested in the later | ably due t 
U A о & 
learnt from the present records is that the аге 
8 


win altages, 
а Survey in the рар; “cason must be completed 
А actice would mean by the end of February or 
lously desirable to carry out a skeleton area survey 
what Proportion of the БОШ atem мышы Roo ‘tually 
Iscussed in a ] о tg | 


ction (paragraphs 318, 319) 


The lesson to be 

before the beginning of harvesting which in pr: 

early March. It would, however, be obv 
t the time of harvesting to determine 

33 This point has been further d. ater ве 


para 
CROP ACREA 


+E BY DISTRICTS AN 


D SUB-SAMPL ES 
‘or reasons explained above, the records for the finst f. 
118. For reasons ape timat id > distriat am the first four haltages only have been 
ken into consideration for estima Ing the distric crop Acreage figures | 
tak r which are given in Table (5/2). Col. (1) gives the 
error 


And their margin of 
e ied name of the crop; col. (2) the area (in 

housand acres) under each crop (together with the corresponding gt 
thousé E E 


eimi 
^ eorrespend; SET ard error) estimatec 
р le (А); col. (3) gives thc correspending estim бу x ) The 
am, Sane (5 3 го estimates (A) and (B) ex essed ; Sample (B). 
lifference between the tw E fi С : ~ Pressed In terms of the standard error 
di the difference is given in col. (4) y e mec of s atistical comparison. Combined 
wi Wes of crop acreage based on both samples (A) and (B) are shown in col. (5). 
estimate: 


Q 


ate based 
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Corresponding acreage figures as given in the Settlement Reports (covering the years 
1907-1916 in Shahabad and 1905-1912 in Monghyr) are shown in col. (6); and corres- 
ponding official forecasts for 1943-44 (taken from the fourth wheat forecast and that dated 
26th April 1944 for other crops issued by the Director of Agriculture) are shown in col. (7). 


TABLE (5/2). CROP AREA IN THOUSAND ACRES BY DISTRICTS AND 
SUB-SAMPLES (BASED ON FIRST FOUR HALTAGES). 


Settlement | Forecast 


Crop Sample(A) Sample(B) | d(A—B) | Combined(A+B) Report iban 
а 
| 
m (1) — (3) | NN | (4 (5) | (бу (7) 
DisrTICT : УНАНАВАР (AREA = 2,798,000 ACRES) 
N — 3307 N = 2965 М = 6272 
Wheat 0-20 300-35-19 :87 237.9 263-80 
Barley 0 40 78-40-- 9.51 105-4 102-50 
Стат 1.17 337-33-26 :86 339-5 282.30 
Arhar 0-28 58 -602-12-59 51-4 41-00 
Khesari 1-56 — 197-81--23-78 = — 
Disrricr : Моханув (АЕА = 2,370,000 ACRES) 
N — 3105 N — 2083 N — 5848 
Wheat 1-57  384-08--31-02 1449 — 219-80 
Barley 4-80 — 66.004 5-32 814 81:90 
I 1:27 — 193-434-2686 210-5 210:50 
m 3 0-08 10371452322 (е)49:5 81-00 
ns 0-16 47-802-15-11 = = 


(a) Settlement period : Shahabad 1907—1916 and Monghyr 1905—1912. 

(b) Forecast of rabi crops dated 26th April 1944, and Fourth wheat forecast issued by 
Director of Agriculture. 

(c) Arhar figure for North Monghyr alone in Settlement Report. 


acresjare 300 у hahabad district the sample survey estimates of crop acreage (in thousand 
12°59 for 17710 Ru for wheat, 78:402-9:51 for barley, 337:332-26:86 for gram, 58:60-- 
were 284-0843] Y 197:8142-23-78 for khesari. In Monghyr district the corresponding values 
for arhar dud ont wheat, 66-90-+L5'32 for barley, 193:43--26-86 for gram, 103:714-23:22 
portions of the aif 80--15-11 for khesari. We have already seen, however, that appreciable 

crop had been harvested during the later stages of the area enumeration ; 


above figures mus 
d gures must therefore А ; а 4 
with official figures, пегеѓоге be to some extent under-estimates; and are thus not comparable 


12 TI j OFFICIAL FIGURES NOT STRICTLY COMPARABLE 

Bihar Es Pes i = Another Serious difficulty in comparing sample and official — In 
what is Exactly inam at Most of the plots are sown with mixed crops; but it is not at all м8 
The subje t is full "m эу the area under any individual crop sown in mixture with other crops. 

i 121 c F. ч ^ ы complications and has been diseussed in a separate section. 1 
and offi ilf OE 328008 explained above a valid comparison is not possible between — 
wortl "Tes figures, A VERY rough comparison can, however, be made for just what it may 
к i n Shahabad district With a total area of 2,798,000 acres we find that sapla rr 
baa 10 an estimate of about 300,000 acres under wheat against a Settlement figure of a б 
a | 0 and an official forecast of 263,800 acres in 1943-44. The Settlement figures are vay E 
ia refer to the period 1907-16 for Shahabad and 1905-12 for Monghyr. Consider oe S 1 
e тор acreage may have easily taken place since then. It is, therefore, quite possible th 0180 

Tea under wheat had actually increased to about 300,000 acres 1n 1943-44, so that the offic. 
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forecast of 263,800 acres may be appreciably in defect. For barley the area during 1907-1916 
was 105,420 acres according to the Settlement Report; the official estimate gives practically 
the same figure while the sample estimate of 78,400 acres is somewhat lower, but nothing 
improbable. For gram, the sample estimate of 337,330 acres is very nearly the same as the 

Settlement figures of 339,510 acres; the official forecast of 282,300 acres is appreciably lower. 

For arhar also the sample figure of 58,600 acres is nearer the Settlement figure of 51,440 acres 

than the official forecast of 41,000 acres. Neither Settlement nor official figures are available 
for khesari. 

122, In Monghyr the sample estimate of the wheat area of 284,080 acres is appreciably 
higher than both the Settlement figure of 144,860 acres and the official forecast of 219.00: 
this is quite plausible. Barley with a sample estimate of 66,000 acres against Settlement 
figures of 81,430 acres and official forecast of 81,900 acres, shows а shrinkage as in Shahabad 
district. For gram the sample estimate of about 193,000 acres is somewhat smaller than the 
two official figures of about 211,000 acres. But for arhar the sample estimate of 103,710 acres 
is much larger and of quite a different order from the official forecast of only 1,000 acres At, 
is interesting to note that according to the Settlement Report(1905-07, Appendix D(i)) the 
acreage under arhar in North Monghyr alone was about 42,000 acres so that the sample esti- 
mate for the whole district is not at all improbable. | 

123. On the whole, from the sample figures it looks likely that the area under wheat 
has increased appreciably and is greater at present than at the time of Settlement operations; 
area under barley has probably decreased somewhat; area under gram has remained about 
the same as in previous years; and area under arhar has increased in both districts. The cial 
forecast of 1,000 acres for arhar in Monghyr is entirely wrong. Settlement fig Deum 1 — 

to be generally reliable, and may therefore be accepted as respresenting : "ge are believed 
at the time of Settlement operations. Since then changes кема энен : г ч п стор acreages 
the background of Settlement figures the sample estimates look ít * ace; but against 
that they have an objective foundation, | ole quie plausible indicating 

AGREEMENT BETWEEN SAMPLE EST 

a P is = on ы) be 78 far as the e 
now consider the internal evidence in favour of the « 55 
F — d DN pps 7 I have already explained 
each district, the total number of grids or sample-units was divi E quae d portions. In 
sample (A) and sample (B)—scattered over the whole district, E into two different portions 
number of 6,272 grids there were 3,307 grids in sample (A) ai 1 5 Shahabad out of a total 
In Monghyr district out of 5,848 grids there were 3,165 in sample tal an grida in sample (B). 
The grids in each of the two samples (A) and (B) were — [ы 7883 in sample (B) 

and were enumerated independently by two different Sets Gf over the 
two samples (А) and (B) can thus furnish an independe 
district as a whole. 

125. Let us consider actual figures. In Shahabad district 
the area under wheat (in thousand acres) was 296-36-+27-13 de 810 | 
(5/2). (The latter figure of 27:13 is the expected sampling ны of ШО: Pes (2) of Table 
296:36). According to sample (B) the area under wheat (in thousand dmg: 1 7 
district was 304:372-29:16 (the latter figure 29-16 again being the aud 2 Shahabad 
of 304:37). These two estimates 296:36 and 304-37 are, of course, not 1255 margin ol error 
each based not on complete enumeration of all plots under wheat but on э ntical. l'hey are 
small fraction of such plots. They are therefore both subject to Км n i eb | 

In fact the estimated standard errors of +27:13 and +29-16 (thousand — ав wed 
samples (А) and (B) respectively are statistical measures of the magnitude of such 
fluctuations due to sampling. 5 : 

126. The difference between the two estimates 296:36 and 304-37 is 8:01. (thousand 

acres). The estimated margin of error in the case of either sample is, however, А sre ot 
eater than the observed difference. We find. therefore that the two sample estimates 
(A) and (B) for wheat acreage in Shahabad се Г in agreement within the margin of error, 
that is, within the limits of errors of sampling. osc 1 internal agreement must be considered 
be good evidence of the reliability of the sample estimates, 
ы 127. Without entering into technical cp rod be stated here that for a. statistical 
a arison of the two sample estimates (A) and (B) it is convenient to express the difference 
ei d two estimates in terms of the margin of error of the difference itself. These 
с cipe ыы ^ for convenience of reference) have been shown in col. (4) of Table (5/2). 
os. (calle te Sa Пока in ўв 188 Е 1 
it will be noticed that the value of ‘d’ is less than 1 in five cases and lies between 1 and 2 in 


IMATES 


xternal evidence is concerned, We may 


С е whole district 
investigators, Each of 

ak S. сан of the 
nt estimate of the crop acreage for the 


According to sample (A) 
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four cases ; only in one single case, namely, barley in Monghyr distriet, the value of ‘d’ is 
comparatively large. Thus, with one single exception, the two estimates based on samples 
(A) and (B) are in satisfactory statistical agreement. 

128. For barley in Monghyr district the two estimates are 44-86-7580 and 88:94-- 711 . 
(thousand acres) for samples (А) and (B) respectively. The difference is admittedly large 
and a value of d' of 4:80 cannot be neglected. It is necessary however to recall at this stage 
that the division into the two samples (A) and (B) was made on the basis of comparatively 
large zone-cells (each of area 50 square miles approximately), and was not carried to individual 
sample-units. As already explained in an earlier section, this rough and course grained 
structure of the two interpenetrating sub-samples makes it possible for real geographical 
differences in the different zone-cells having been shown up in the two sample estimates. 
That is, the two estimates (A) and (B), although mixed up for the district as a whole, refer 
to fairly big patches in geographically distinct areas. The observed difference for barley 
in the two estimates (A) and (B) may therefore be due to real regional differences in the 
intensity of cultivation in the big patches into which the samples were divided. It is thus 
not unreasonable to conclude that the two sets of results based on the two samples (A) and 
(B) are in satisfactory agreement and hence the sample estimates аге on the whole reliable 
(within, of course, respective limits of sampling errors.) 

129. In view of the importance of the question, we may also consider the agreement 
between the two samples (А) and (B) in closer detail separately for each sub-block in each 
district. Relevant material is given in Table (5/3) in which col. (1) gives the serial number 
of the sub-block ; cols. (2) and (3) give for Shahabad district the number of grids or sample- 
units in samples (А) and (B) respectively ; cols. (4) and (5) the erop acreage with corresponding 
standard errors based on samples (А) and (B) respectively ; and eol. (6) the value of d', 
that is, the difference between the two estimates (A) and (B) divided by the standard error 
of the difference. Similar data for Monghyr district are given in cols. (7) to (11). 

130. It will be noticed that for individual sub-blocks the agreement between estimates 
based on samples (A) and (B) are generally satisfactory as judged by the values of ‘d’. Out 
of a total number of 60 values of ‘d’ given in cols. (6) and (11) we notice that 51 are less than 
1, and the remaining 9 lie between land 2. We also find that 5 out of 6 values of d' are 
greater than 1 for barley in Monghyr district ; the differences in the sub-blocks are not 
unduly large ; but sample (B) is usually giving higher estimates with the result that the 
difference for the distriet as a whole is quite large indicating the possible existence of 


177 еше in the intensity of cultivation of barley between different zone-cells at 
onghyr. 


ANALYSIS OF VARIANCE FOR AREA SURVEY 


| 131. Certain technical data relating to the precision of the results of the area survey 
Lm in Table (5/4) in which the name of the crop is shown in col. (1). This is followed 
( В) Ean у to sample (A) in cols. (2) to (5), and corresponding data relating to sample 
Cols. (2) 600 ) to (9), and finally for the two samples combined together in cols. (10) to (13). 
"m us ni give the mean proportion of land under each crop ; cols. (3), (7) and 
ERAS "itl се. etween (mean proportion of) zone-cells ; and cols. (4), (8) and (12) the 

3 1 within zone-cells. Finally the ratio of the variance between zone-cells to the 

ariance within zone-cells (V/ Ve) is shown for sample (A) in col. (5), forsample (B)in col. (9), 
and finally for the two samples (A) and (B) combined together in col. (13). It is worth noting 
that the ratio of the two variances given in cols. (5), (9) and (13) is on the whole large showing 


that the greater part of the fluctuation in the intensity of cultivation occurs from one 
zone-cell to another. 


132. Based on the data given in Table (5/4) the standard deviations for different 
stages caleulated by the appropriate two-stage formula are given in Table (5/5). The name 
of the crop is shown in col. (1). This is followed by the mean proportion of land under each 
ар for Sample (A) in col. (2) ; caleulated standard deviation of fluctuations between cell- 
“am in col. (3), and the standard deviation of fluctuations within zone-cells (S2) in col. 
in Corresponding figures for sample (B) are given in cols. (5), (6) and (7) respectively. 
e es шан proportion of land under cultivation (with standard error) for each crop for the two 
of n es (A) and (B) eombined together is given in col. (8) ; and the percentage variability 
TOR th combined proportion in col. (9). 1 will be noticed that the over-all margin of error 
88 b fo estimates of crop acreages for individual districts lie between roughly 7 and 12 per 

or wheat, barley and gram ; but are appreciably higher for arhar and khesari. 
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TABLE (5/3 COMPARISON OF CROP AREA (IN THOUSAND ACRES) BY 
SUB-SAMPLES AND SUB-BLOCKS 


E | District Shahabad А 
‚ "Serial - = 


District Monghyr — 


5 


- 5-04 —1-08 
- 640—147 
= 5.64 —1 -46 
2083) 44-864 tn 88-944 7 11 —4 80 


i | | 
чето | der oF Estimated area with | рит, Number of, Estimated area with | Diff. 
bleok | grids | standard error _ d(A-B) grids ра за standard error — d(A-B) 
(A) | (B) Sample (A) | Sample (B) | (А) | (В) Sample(A) | Sample (B) | 
(1) 1 0! (8). | 4) (5) (6)! (7) | (8)! 9 | (10) (11) 
WHEAT 
| | | | 
l| 513 528 | 62-90416-48 08-82-1574 —0.26 517 032 1.505194 "08 —0-10 
2| 579 489 | 01-84--14-21| —0-05| 614 . 
3| 594 552 | 40-54-13 -56| —1.03| 654! 
4| 677 379 | 36-474-15-23, 3 +0.12 508 | 426 59 
5| 354 540 | 69-8519 -60) 65-57-14-8540-17 423 234| 44-682 
6 590 477 | 24-76--16-37 13121922 046 449 311 65. 
| #307] 2965 (296-3627 -13304 374-20-16 —0-20 3105 90832129 
| | | | 
BARLEY 
| | | П 
1| 513 528 | 19-284 5-12 23 44. 4.04 0.68] 517 тай | 
2 | 570 489 | 17-204 4-46 15-414 4-90 EE 614 86 — 1 -29 
3 | 594 552| 9-144 4.95 7-21-- 450 031 654 1-02 —1.29 
4\ Sr) 840 | 4-664 4-77 9-204 7 10 082 508 110209 
$| 354 540 | 15-714- 8 09 13 -08+ 1:62,--0-34| 423 
ә 


`08| 13 -424+ 6 100—0 -61| 449 


82-084 923 —0-40) 3165 
| 


Gram 


i| sm] 598 81 :53--14-29 86-23 | | 

| 23-13-64 —0-24 517 632 
2| 579 480 85.96 —12.34 52.971372 L1 cà : 44 99 05: 13 86-0 « 
3 9 8 66 2 1 7 +158 614 511 3:04 22:282 14 80-0 = 
i 50 64-382: 15 -914-076 
6 


En 


59 -804-12 -57 70.20 654 | ч 
677 379 54.001321 42.591977 0.40 664 500 
354 540 | 54-1441697 44.031280 0.4% 508 | 426 


44-03--12-86--0-47| 493 | 2 20 28.33-17.77 —1-96 
5 ae : Bd sa. a| r0-47| 423 | 234 E: +17 97| —1 -96 
| 590 477 33-974 14 19 19-93-16 -73 +0-66 449 | 311 2 DE 347342302 — 0-02 
| 3307, 2965 


| 5.52 120.21 10-5: 
369 -02--42 75.308 -55:-33-07 41. Ecos iiia: iai 


17 3 ax | 9 224 
7| 3165 2083222 .24 4.36. 


"ms 3272-26-39 41:27 


Annan 
| | | 
1| 513 528 24-40 9-03 40-64 517 | 
51 : | 817 
2| 579 489 15-864 9.09 [0.99 0 
3 +0-20 614 


6.18 832 —0˙26 634 
083713 -16)4-0-15 508 


4| 677 379 3:161 8-76 
5 354 540 0-26411-27 


2-07 10-02 —9 -12 92 m s 
6 590 477 4-424 9-41 5-80 11:03 012 e 03,—0-:32 


:63 —0-03 


3307 2905 62-064-16-51 is i d 


55-14-18 45 +0 -28 3165 


90 4-0 08 
- | 
KHESARI 


1 513 528 26-21--19-65 16-02. 18-76 -0-38 517 

2 5179 489 5016516597 47-44 78-84 1.0-37 61 И | E 

3 504 352 1116-13. 19681720 0.07 654 Wy 970 
4 677 379 257541813 8.29127 

Е 3 


214 9.38 —0.:79 
5210.31 +0-01 
3 71411.81 10.34 


2 5--0-53 508 
29:18--17-70 +1 -88 123 
5-86 + 22-93 4-0-58 


22 
354 540 


6 590 477 


449 0.47 14.01 0-04 
- т отоо. — ч “£0 11-9113 345. -9-02 
ЗЗОТ 2905 261-85 -33-18 14878 34-23 (0-28 3168 2685 45-81 51678 ЗЕЕ" 


| | 4989-19-60 —0-16 
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TABLE (5/4). PROPORTION OF LAND UNDER DIFFERENT CROPS BY 
SUB-SAMPLES : ANALYSIS OF VARIANCE BETWEEN AND WITHIN ZONE-CELLS. 


Sample () | Sample (B) | Combined (А & B) 
| 
Namo Mean Bet. Within Ratio Mean | Bet- Within Ratio Mean | Bet- Within] Ratio 
of propor- ween | cells ргорог- ween cells propor ween cells 
erops | tion cells vi tiom | cells (2 ) tion | cells (2) 
| (p (vi) (v2) | Муз | (р) (уз) (va) Va | (p) | (vi) (v2) | Va 
NE NUNC alw ui (в | mi. eimi) | un | a | аз) 
DISTRICT : SHAHABAD (NUMBER OF GRIDS = 6272 
Wheat 1059 -2904 0228 1088 2980 3005 0251 11-97 
Barley 0267 -1019 -0044 0293 0319 0-663 -0048 13-81 
iram . 7100 0294 1092 3803 5514 0270 20-43 
Arhar 1068 -0047 0197 1192 -0089 1122 0079 14.20 
Khesa 0900 4332 +0249 0514 4034 -0176 4207 0214 19-66 
Disrnicr: Moncuyr (NuMBER OF GRIDS = 5848) 
Wheat 1022 -6431 -0248 36 1199 6527 0276 23.65 
Barley "0189 -0183 -0042 0282 „0230 -0058 3-97 
Gram «0038. 7034 0212 0695 -0816 4994 -0183 27:29 
Arhar -0444 „3367 0149 0431 3702 0438 3521 0148 23:79 


0210 4608 0202 -1528 „0072 21:22 


Khesari 0193 -1479 -0072 


TABLE (5/5). MULTI-STAGE ESTIMATES OF THE STANDARD DEVIATION OF 
MEAN PROPORTION OF LAND UNDER CROPS BY SUB-SAMPLES. 


E c 
Sample (А) _ | _ Sample (B) | Combined (A+B) — 
Name of | Mean Between, Within | Mean Between | Within | Mean proportion Per- 
erops | propor- cella cells propor- cells cells | with centage 
tion tion | ! standard error variability 
(p) (s) (s) (p) в) | (9 | (p) р t 
m | o в | wm wy | ol х [ 0 
DisrRiCT : SHAHABAD (NUMBER OF GRIDS = 6272) 
Wheat -1059 0628 1500 1088 0660 44661! -1073+ +0071 9/08 
Barley 0267 380 0663 0293 0200 0714 0280 „0034 — 12-14 
Gram 1000 1717 +1092 0762 -1559 -1206 = 0096 7-96 
Arhar E :0380 0887 0197 4 0943 0209+ 0045 21:53 
Khesari *0900 0768 1716 0514 0795 132 0707 * 0085 12.02 
Disruicr : MONGHYR (NUMBER OF GRIDS = 5848) 
Wheat -1022 0970 10783 1755 :11992- 0113 9-42 
Barley. 0189 0148 0167 0877 0282 ＋ 0019 6-74 
Gram 0938 1020 "0700 -1221 -0816:- 0000 11:76 
Arhar 0444 -0700 -0800 -1208 0438 + 0083 18-95 
Khesari 0193 0061 0053 0848 -0202+ 0054 26-73 


DECREASE IN CROP AREA ENUMERATED IN SUCCESSIVE HALTAGES 

- 133. The gradual decrease in the area under practically all the crops in successive 
haltages has been pointed out in an earlier paragraph. It was also noted that this was pro- 
bably due to the fact that harvesting had commenced in the middle of the area survey 50 
that much of the crop had already been harvested before the area enumeration work could 
start in the fourth and fifth haltages. A second factor also might have been in operation. 
Owing to failure of rain, damage ised by pests or animals, and other accidental causes, 
portions of the area sown go out of cultivation and are not harvested. The area harvested 
in fact must be always less than the area sown. This gap between the area sown and the area 
harvested may be large for paddy according to Sir John Hubback and has been further 
discussed in a later section. І have no knowledge, and І have not been able to secure any 
reliable information as to the extent to which the harvested area falls short of the area sown 
in the rabi season in. Bihar. If this gap is considerable then the observed decrease in 
acreago-estimates the later haltages may have also to be partly ascribed to this factor. 
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it i i > available material to disentangle how far 

GONE me ү po er pede to previous harvesting of the crop or (5) 

iun DRE, багор es of eultivation through the operation of natural causes, it is of some 

Lian ves ation fork as observed. Relevant material is given in 1 able (5 6) in which 

wo pe Ho 48820 number of the haltage ; col. (2) the actual period of survey. Fhe 

T 1 17 5 acreage (in thousand acres) is given in col. (3) for wheat and in cols. (5), (7), 
(9) acd (11) for barley, gram, arhar and khesari respectively. 


TABLE (5/6). ESTIMATED CROP AREA IN THOUSAND ACRES BY HALTAGI 


| | Wheat | Barley Gram | Агһаг Khesari 
Serial —— = — 
ae | Sah of sirvey | | rad. obser- | grad- obser- grad. obser- grad- 
halt- | obser- grad- obser- grad. obser- gra я o g кы шей. 
age | | ved uated | ved uated ved uated. ved uated veq r 
Q) | 2) | m lwo Гову @ m @ ' (9) | Q0) | an 12) 
DisrRICT : ЗНАНАВАЮ 
-9 262 335 98 102 430 82 73 277 2098 
2 25 Tob Е 20 Mar 360 301 81 83 386 64 65 274 230 
3 8 Mar- 20 Mar 303 267 71 65 290 54 38 139 103 
4 21 Mar- 2 Apl 276 233 56 46 242 35 50 102 95 
5 З Apl - 13 Apl 135 200 is 23 90 58 43 24 27 
Disrricr : Moncuyr 
1 12 Feb - 25 Feb 307 296 65 76 293 255 144 132 99 70 
2 26 Feb- 7 Mar 245 280 72 67 190 217 110 115 22 56 
3 8 Mar- 20 Mar 256 205 5 58 gy 170 8 98 28 42 
4 21 Mar- 2 Apl 328 249 95 49 149 М 83 м 49 ор 
5 3 Apl - 13 Apl 188 234 60 40 132 109 99 м 43 14 


135. The observed acreages were graduated by simple straight lines, and the graduated 
values are given in cols. (4), (6), (8), (10) and (12) of the | 


Wheat, barley sram, 
arhar and khesari respectively. The graduating ion ; у, 5 


ing equation in each сазе was of the form: 
y=a-+b(x), where (y) is the graduated value of егор а Serial number of 


"ar gd у: acreage and (а) is the 
the haltage. The values of (a) an (b) for the у 2% are shown in Table 5/7 
Mann. for the two districts Shahabad and Monghyr. (5/7) 


TABLE (5/7). LINEAR GRADUATION OF CROP AREA : У=а+Ых) 
У = AREA UNDER CROP IN THOUSAND ACRES 
X = SERIAL NUMBER OF HALTAGES 


Estimated values of paramoters 


| 

Name of | " | =. ты 
сгор Е "o ZEN b 
i 
| Shahabad Monghyr Shahabad Monghyr 
w | @ a лш TU 

Wheat 368 -60 311-30 —33 -80 —15-50 
Barley 120 -30 48-90 —18 -50 z- 8.90 
Gram 534 -80 293.30 — 82 40 —38-10 
Arhar 80-60 148-50 — 7-60 ~16-99 
Khesari 360 -00 84-00 — 67-80 14:00 


SAMPLE FIGURES PROBABLY UNDER-ESTIM Amp 
136. On account of the progressive decrease in crop acreage in suc 
is clear that the average estimate based even on the first four 
is clear t ч 


cessive haltages it 
under-estimates of the total area sown. If the decrease i 


haltages mus 


r-estimates of the area 

ested. One could perhaps use the graduated values for the first haltagp „ adjusted 

ы free from the decreasing tendency noticed in the “еы SUN ШЕ "m 
crop acreage: à 
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basis, the area under wheat would be 335,000 acres against an average observed value of 
300,000 acres in Shahabad ; and 296,000 acres against observed average of 284,000 acres in 
Monghyr district. For barley we get adjusted values of 102,000 and 76,000 acres against 
average values of 78,000 and 67,000 acres; for gram the adjusted values of 452,000 and 
)00 acres against average values of 337,000 and 193,000 acres ; for arhar adjusted values 
of 73,000 and. 132,000 acres against average values of 59,000 and 104,000 ; and finally adjusted 
values of 298,000 and 70,000 acres for khesari against average values of 198,000 and 48,000 
acres in the two districts Shahabad and Monghyr respectively. These adjusted values may 
be accepted as upper limits of ‘area sown’ ; but much reliance cannot be placed on these 
results in the absence of factual knowledge regarding shrinkage of area sown with the progress 
of the crop season. 


SECTION 6. RATE OF YIELD AND OUTTURN OF WHEAT AND GRAM: 1943-44 
137. Crop-cutting work started in some of the sub-blocks in the third haltage, that 
is, between Sth and 20th March and was carried on in full swing during the last two haltages, 
that is, from 21st. March to 13th April, 1944. К 
133. Work on two crops, wheat and gram. During preliminary discussions with the 
Government of Bihar 1 had enquired whether at least portions of the crop-cutting work 
could be done by (or under the supervision of) the staff of the Agriculture or Co-operative 
Departments, but I was informed that this was not possible. The whole of the work had 
to be done within the limited resources (in men and money) of the present scheme. It was 
decided, therefore, to restrict the crop-cutting work to only two crops, namely, wheat and 
gram. Even with two crops the total volume of work which could be done was strictly 
limited. There were only two alternatives, either to reduce the total number of cuts or to 
reduce the size (area) of cach cut. The total number of cuts could not, however, be reduced 
too much as the margin of error of the average yield for the district would be too high. 
139. Size of cuts. Extensive crop-cutting work in Bengal had shown that sample- 
units of a comparatively small size were more efficient in the sense that a higher precision 
could be attained in the final results with less expenditure of labour (and hence at lower cost). 
The advantage of using comparatively small cuts had also been fully established by a classica 
series of crop-cutting experiment conducted in Bihar by Sir John Hubback between 1923 and 
1925. He had used small triangular cuts of size 1/3200 acre (=13.6 sq. feet) each ; and m 
his paper on "Sampling for Rice Yield in Bihar and Orissa" (Government of India, 1927) 
he had very clearly stated (p. 9) that there was no need of taking large samples instead of 
the handy samples used by him ; and had explained that this was due to the fact that, the 
existence of high correlation in the yield of contiguous pieces of land, “made the eramary 
rule that the standard deviation of ihe mean was the standard deviation of the population 
divided by the square root of the numbers of samples quite inapplicable”. $ 
140. 16 is true that Sir John Hubback’s work was done on paddy; but his arguments 
are equally valid for other erops. In fact, the existence of high correlation between the 
yield of contiguous portions of land has been conclusively established for wheat and other 
crops by the work of Fairfield Smith (Jour. of Agri. Sc. Vol. 28, 1938, pp. 1-23) and others. 
Extensive crop-cutting work on wheat in England had also directly shown that cuts of a 
comparatively small size were convenient and suitable. For example, F. Yates in his articles 
on "Crop estimating and forecasting : Indications of the sampling observations on wheat 


s ушна of the Ministry of Agriculture of the United Kingdom (Vol. 43, 1936-37, p. 161) 
stated :— 


КРРТ In order to provide objective estimates of yields of commercial fields 
—Á a very simple sampling technique was adopted, only about 5 square yds. in all of 
any field being sampled. This amount of sampling proved amply sufficient when the 
purpose of sampling is that of estimating the mean yield of a district, sampling 
errors being small in relation to the variability between flelds." > 

ч 141. For reasons explained above it was decided to work with sample-cuts of 25 sq. 
feet each and to take two such cuts from each plot included in the sample. (This gave & 
sampled area of 50 square feet against a sampled area of 5 sq. yds or 45 sq. fect in the United 
Kingdom in the work described by Yates). The plots (from which the erop was to be cut) 
were selected beforehand at random in the Statistical Laboratory from among the plots 
which were included in the grids or sample-units used in the area enumeration. Within 
each selected grid two plots, one of gram and one of wheat, were picked up at random for 
this purpose and. within each selected plot two cuts (called a doublet) were actually harvested. 
by the worker in the way explained below. 
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OL. A: 
i ү Sw supplied with table. 
- Location of cuts. The workers w еге апар чори 

t Н ps two numbers were picked up in serial or der for с 
25 d: umber gave the number of steps the worker w tho length ol 
Sis viol 1 one corner, and the second random number gave the number of steps whic 
A аге to walk into the plot perpendicular to the length of the plot and parallel 
= he other sides. The point located in such a way formed one of the vertices of the 
triangular apparatus described below. 


s of random numbers 
ach selected plot. The first 


143. Crop-cuiting procedure. Instead of using pegs and торов а ur 8 
apparatus was used in Bihar during this survey. This apparatus was a modi ens 2 чо | iod 
one used by Sir John Hubback in his crop-cutting work in „Bihar. It consistec of t nes 
flat iron rods which formed a right-angled isosceles triangle. The longer (hy PM ы o 
was placed on the ground with one end lying over the point located at random Б, ithin the p oi 
in the way explained above. The two shorter sides were pushed through grooves fitted at 


the two ends of the long piece (forming the hypotenuse) at an angle of 45° until they meet at 
right-angles. The procedure of pushing the two side pieces through the plants was deliberately 
adopted by Hubback to prevent any bias coming in through the inclusion (or exclusion) of 
individual plants occuring on the border line. 

144. The plants enclosed in this w 
and weighed. In the case of wheat, the р 
of the crop as harvested (called for convenience c 
put into a numbered. bag and dried for a few d ains were then se 
again giving what is called the weight of grain. In the case of gram, the 
and weighed which gave the weight of pods as harvested while tl 
the pods after they were dried gave the weight of grain, The area enclosed within the 
triangular piece was 12.5 8q. feet ; two cuts were obtained on cithe 
giving two sub-cut readings for e 


1 г side of the 
ach sample-unit of area 25 sq. feet, Two such s 
(called a doublet) were cut in every selected plot. 


ay within the triangul 


ar iron frame were 
ears were clipped off and weighed giving th 


the weight of ‘сагз’). 


then cut 
© weight 

Each cutting was 
parated and weighed 
' pods were collected 
ле grains separated from 


hypotenuse 
ample units 


YIELD OF WHR 

145. The mean yield in maunds 

(4) and col. (8) respectively of Tab 
which 18 given in col, (1). 

No. (2) to 3-40 maunds per (I) in Shahabad district ; and from 4:15 

maunds in sub-block No. (2) to 10-43 maunds per acre in sub-block No, (1) in Monghyr district 

In the same way, the mean yield of gram varied from 3-95 maunds in sub-block No (6) to 

`38 maunds рег acre in sub-block No. (1) in Shahabad district ; and from 3-44 maunds » 

2) to 7.68 maunds in sub-block No (1) in Monghyr district, The y; tior 

rom one sub-block to another was thus quite 


Е E 1 aviation 
appreciable in “each district, 


^T AND GRAM PER ACRE 

of grain per acre of wheat 
le (6/1) separately for е 
The mean yield of Wheat y 
acre in sub-block No 


and gram is sh 
ach sub-block the 


aried from 3-48 maunds in sub-block 


own in col, 
Serial number of 


ally to be given 
id р Spectively, The process 

vei ш : akes time, It w ify the fie 
later on converted into the equivay ee could be taken immediately after harve 
© In the case of paddy whi „ү gut of grain. | will be remembered that this is 
af rica (iru s Vhich is directly Weighed, and this 


in terms of 


grai n 
the crop 


and ex- 
ld work 
sting and 


y Etpe. ] ; weight later converted 

р E ; Version of factor > value of whin 
method in the case of wheat n. With a View t Study the poe tor the value of which 
as already noted, once į and gram e Cuttings in the prese veins, Al “sang а similar 
of the grain. Mmediately after harvesting anq present sur 


vey were weighed twice 
in, Sec A * 
MN m вап аз after the extraction 
. € theoreti i i 
the weight of ears of er foit of i Mad 


Whe the best metho, : . 

weight of grain would he "s fi s E oi gram as harvested and din tho alam between 
of grain, and ‘x? the Weight of crop а, Session equat on Y=b(x) уурар ding equivalent 
in this way, and relevant data Crop as harvested available where ‘у’ ig the weight 
gives the serial number of the — a cuj Таре (6/1) anq (6/2). ies 25 an graduated 
weight in maunds per acre of the егор а 2) the number of Sub. cut jn € (6/1) col. (1) 
corresponding Weight in Maundy per e ^ Narvested 


М Pod 01. (4 53 col. (3) the mean 
acre of dry grain, * (4), as already noted, the 
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TABLE (6/1). RELATION BETWEEN WEIGHT OF CROP AS HARVESTED 
AND WEIGHT OF GRAIN OF WHEAT AND GRAM 


. Wheat | Gram 
Serial | Ears as harvested Weight of grain in. | Pods as harvested | Weight of grain in 
No. of No. of Weight in maunds per acre ^ No. of Weight in | maunds per acre 
sub-blocks Sub. cuts maunds Observed Graduated Sub-euts maunds | Observed | Graduated 
per acre values values per acre values values 
=) (4) 9) 6) D 1 (8) (9) 


DISTRICT ; SHAHABAD 


1 11-51 135 6-38 6.06 
2 5.31 204 5-89 6-09 
3 12.07 115 5.54 5.52 
4 10-30 37 5-18 4-80 
5 8-71 160 3 3-55 
6 8-91 48 3.25 3:34 
DISTRICT : MONGHYR 
1 17:97 10-43 10-84 20 21-67 7.68 13-89 
2 6-84 4-15 4-12 214 5-44 344 3-49 
3 7.51 5-02 4-53 174 6-62 4.60 4-24 
1 9-60 7:06 5 105 7.06 4:08 4.53 
5 7.67 4-68 102 6-10 3.78 3-91 
6 17-05 8-90 20 5-66 4-19 3-63 


т T 
TABLE (6/2). COEFFICIENT OF CORRELATION AND REGRESSION BETWEEN 
WEIGHT OF CROP AS HARVESTED AND WEIGHT OF GRAIN OF WHEAT AND GRAM 


с EH ш; 


Serial No. Wheat | Gram 
of sub- = е 
vis | 
blocks Number of Coeflicient of | Coefficient of | Number of | Coefficient of | Coefficient of 
sub-cuts Correlation (r) | Regression (b) sub-euts Correlation (r) Regression (b) 
Uu. uw | № @ l e [| t9 (7) 
Disrricr : SHAHABAD 
1 0 -9055 133 0 -9497 0.7124 
3 8710 204 82 6292 
4 F 118 6691 
js 37 7152 
6 160 6571 
48 *6219 
шы 697 9234 6643 
Disrricr : MoxauvR 
1 24 0-8896 2 s 
1 20 0.3488 
2 324 -9169 214 -5970 
3 183 -9519 174 5128 
4 248 2 105 1205 
В 136 -9215 102 “5568 
169 8767 20 -8332 7215 
Total 1,084 -9108 -6031 635 -8752 -6410 
* 


This has been omitted in forming the pooled estimate. 
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148. The coefficients of correlation for each sub-block are shown in Table (6/2) in which 
col. (1) gives the serial number of the sub-block ; col. (2) the number of sub-euts, and col. (3) 
the co-efficient of correlation between the two weights for wheat in Shahabad district ; the 
corresponding co-efficient of regression ‘b’ (or factor of conversion) is given in col. (4). In 
the same way, the number of sub-cuts, the coefficient of correlation, and the factor of con- 
version are given in cols. (5), (6) and (7) respectively for grams. It will be noticed that the 
coefficients of correlation.are all high showing a close physical connexion between the two 
ogee The conversion factors for wheat and gram given in cols. (4) and (Т) of Table 
(6/2), show a good deal of fluctuation from sub-block to sub-block in both districts. This 
may be partly due to real differences in maturity or other conditions under which the crop 
was harvested in different regions. Part of the observed fluctuations must also have arisen 
from personal factors or even careless or cishonest work on the part of the investigators, 
In one case, for example, for gram in sub-block (1) of Monghyr district the value of the con- 
version factor is extremely low, only abort 0-35, while the coefticient of correl 
--0:99 and is the highest observed value. The size of the sam 
but even then the results look suspicious ; and the material has been rejected in caleulating 
pooled values of the conversion factor for each district (based on the pooled data for all 
sub-blocks) which are shown at the bottom of each half of the Table. 
150. The pooled values are 0:663 and 0:603 for wheat and 0.664 
in the two districts Shahabad and Monghyr respectively. These pooled values were used 
to convert the weight of crop as harvested into corresponding weight, of er 
shown for wheat in col. (5) and for gram in col. (9) of Table (6/1). 
agreement between these graduated values and the dir 
of grain shown in cols. (4) and (8) for wheat and gr 
151. The important point to note 
version factor are not widely different 


ation is above 
ple is very small, only 20, 


and 0.641 for cram 


ain which are 
There is reasonably good 
«Ну observed values of the weight 
am respectively, 

is that in spite of variations the values of the con- 
"This is encouraging as it indicates the possibility of 
the conversion factor being something really stable (like the factor for conversion of weight 
of paddy into weight of husked rice). The subject clearly deserves further study. А good 
plan would be to collect necessary material for this purpose at a number of selected € 
ment farms in different parts of tha province where the work can be 
with the requisite accuracy ; the active co-operation of the Agriculture 
for this purpose. Controlled experiments would also have 
supervision in cultivator's own fields for studying 
conversion actually takes place. 


overn- 
relied upon to be done 
Department is essential 
to be made under proper 
the factor under conditions in which the 


PRECISION OF THE RESULTS 

152. Ishall now examine briefly the precision of the results of crop-cuttine e 
which was actually attained in this survey, and also which it is possible to attain in future 
153. Precision of district rates of yield. The weighted average rate of yield " M ае 

(ears as harvested) is 10:30-70:49 maunds per acre in Shahabad, and 9:05 4-0-3, ml 
acre in Monghyr. The two figures 80.40 and 0-43 are the standard errors of the а, 
respective mean values. The weighted average rate ої yield of gram (pods as harvested) is 
71:684-0:45 maunds per acre in Shahabad and 5:934-0:54 maunds per acre in Mongh т di 2 Y 
the two figures -- 0:45 and -- 0:54 again being the respective standard error 3 Iti Nr " €: 125 
to note that standard error of the district mean yield is in W ane? 5 interesting 
" ividi ^s rd errors bv ros Р à se just about half 

a maund per acre. Dividing the standard errors by respective mean values we also notice 
that the percentage standard error was 47% and 48% or just under five T ent for = ve 
in the two districts, and somewhat higher 5.9% and 9:197 respectively р Shah: - à — 
Monghyr for gram. This is not unsatisfactory ; but even with the same PU, чч P * a 
the margin of error can be reduced appreciably by improving the pattern or бна e the 
survey. No useful purpose will he served by entering into details of technicalities ‘but cartoin 
basic data are being given below for a general appreciation of the ре P 
of reference. | | 
154. Multi-stage analysis of variance. The design of the crop. outting experiments 
was of the multi-stage type. The appropriate analy 8 of variance for the Ae vidd of 
crop as harvested in maunds per acre is shown in Table (6/3) in which со]. UL) uites оо 
of variation ; col. (2) the degree of freedom of the material for wheat; co]. E 
squares of deviations ; col. (4) the variance 1 is obtained simply by dividing the figure 
in col. (3) by the corresponding figure in col. (2) : el giv a the calculated еб 
standard deviation ; and col. (6) the corresponding coefficient of variation Which is obtained 


Xperiments 


position and convenience 
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by dividing the figure in col. (5) by the general mean yield of 10°30 maunds per acre in Shahabad 
district and 9-05 maunds per acre in Monghyr district. Similar data for gram are given In 
col. (7) to (11) ; the general mean yield for conversion of standard deviations into coefficients 
of variation being 7-68 and 5:93 maunds per acre in Shahabad and Monghyr respectively. 


TABLE (6/3). MULTI-STAGE ANALYSIS OF VARIANCE : YIELD IN MAUNDS 
PER ACRE OF WHEAT AND GRAM AS HARVESTED. 


——M———— 


Wheat | Gram Е 
| Multi-stage — 
Sourco of Degrees —" Coeffi- Degrees. , stand- | Coeffi- 
Variation of Sum of Vari- Standard cient of of Sum of | Varia- ard cient of 
freedom! squares ance | devia- | varia- freedom | squares ance devia- varia · 
tion | tion tion tion 
(1) fe | 9 w | G | (99 m i o | 09) Q0) | QD 


DISTRICT : SHAHABAD 


Mean Yield = 10-30+0-49 Mean Yield — 7 -68-=0 45 


— — 


Between zono- 
cells 29 4183-72 144-33 
Within cells 


9151-06 71:70 2:22 28.9 


to 
a 
= 
tw 
= 
Ф 
e 
© 


between plots 274 4951-00 18:08 2-04 2878 156 2065-45 13:25 233 303 

Within plots 20-1 

ҮШ gt sog 936-09 0:75 0-86 8-4 187 443.3] 2˙37 1:4 — 30: 

Total between Е ^ 

pe 605 9302.37 15-46 (3-94) (30-3) 313 44597 1349 (850) 00). 
JJ... üb 


DisrRricT : MONGHYR 


Se 


Moan Yield = 9-05+0-43 Mean Yield = 5 932-0 :54 

Between Zone- 
cells 21 2649 -78 98.13 2-09 23-1 26 2319-81 89.24 
Within cells 


> 
© 


42:3 

between plots 239 3687 idi 920 308 128 212587 1062 365» 437 

Within plots E 9 
between euts 267 259 44 0-96 0-98 10:8 155 513-84 3.32 1:83 SM 

Total between 7:5 

cuts 533 0505-74 12.37 (3:53) (38:9) 309 4959-52 16:04 (400) (67:0 
a o 


155. Design of crop-cutting experiments: Without entering into technicalities it may 
be mentioned here that the values of the standard deviations given in col.(3) and (10) indicate 
that nothing is to be gained by increasing the number of sample-cuts within each plot nor 
by inereasing the number of plots within each zone-cell. The precision of the results would 
be inereased by scattering the sample-cuts as widely as possible over different zone-cells rather 
than on a large number of plots within particular zone-cells, and over plots rather than on 
cuts within plots. This is just what one would expect as the more widely the sample-cuts 
are scattered the more representative are likely to be the result. 

156. The multi-stage standard deviations ‘between zone-cells’ and ‘within zone-cells 
between plots’ are, roughly, of the same order for both crops showing that the fluctuations in 
yield from one zone-cell to another or from one plot to another within zone-cells are about 
the same for both wheat and gram in each district. The standard deviation within plots is, 
however, greater for gram showing that the yield of this crop is more variable from one part 
to another of the same plot. But the important point to note is that the standard deviations 
for both crops are, roughly, of the same order so that the same design of survey would serve 
quite well for both crops. 


POSSIBILITIES OF IMPROVEMENT IN PRECISION 
157. District rates of yield: It will be noticed from col.(6) of table (6/3) that the overal 
or total standard deviation is 3:04 maunds per acre for wheat for the Shahabad materia 
and 3:53 maunds per acre for the Monghyr material The corresponding values for gram are 
3:53 and 4.00 maunds per acre in the two districts respectively. We may, therefore, adopt say 
4 maunds per acre as a convenient value ofthe standard deviation for purposes of illustration. 
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If 256 cuts are collected purely at random (in tho form of uni-sta 
the district then the standard error of the mean yield of the district would be reduced to one 
quarter of a maund per acre so that in 19 cases out of 20 the observed mean value would not 
be out by more than half a maund per acre. We can express the same results in terms of per- 
centage margin of error. From col.(6) of Table (6/3) we notice that the coefficient of variation 
for wheat is practically same, 38.25% and 38:89% in Shahabad and Monghyr respectively. 
For gram the values аге 45-96% in Shahobad and 67:45% in Monghyr. The proportionate 
variability is thus somewhat higher for gram as compared to wheat. For purposes o | 


illustration we may adopt say 40% for wheat and 64% for gram. With 256 cuttings spread 
purely at random ail over the district the mean yield would have a standard error of 2:5% for 
wheat and 4% for gram. 


ge sampling) from all over 


158. Margin of error of provincial rates of yield. The use of multi-st 
random or uni-stage) sampling is, however, usually more convenie 
the margin of error is somewhat larger. With the values of the st 
cient of variation) for different stages given in Table (6/3) it is possible to calculate the 
ОЁ error for different patterns of sampling. The coefficient of variation fo 
noticed from col. (6) of table (6/3), lies between 23:19; and 29.8%. 
"yield in other districts are of the same order then we may use 2 
purposes of illustration. For gram the values Пе betwe 
adopt 40% for numerical calculations, 
with 2500 cuts the standard error 
about 1:1% for wheat and 18% 


age (instead of simple 
nt in practice although 
andard deviation (or coefii- 
margin 
r wheat, it will bo 
If the fluctuation of 
5% as а convenient value for 
en 28:09, and 13:795, and we may 
If 4 cuts were obtained from each of 625 zone-cells then 
of the mean yield for the prov 


[ ince as a whole would be 
for gram which would be adequate for all practical purposes 
We thus find that 2500 or 3000 sample-cuts distributed in | 


the proper way would 
‘hus | | с i А enable the 
provincial mean yield of wheat being determined with a standard error of somethine like one 
per cent, and of gram with a margin of error of 2% or less. As the Т 
is of the same magnitude поё 


; physical Uncertainty itself 
ung would be gained by trying to red ing er 

same, у y try ‘duce the sampling error 

below this limit. Ы eee 
RC The actua з " i as d 

159. The actual pattern of sampling has, however, to be setteld from conside 

cost and practical convenience of field work. The values of the stand 

cients of variation at different st 


ages of sampling ei 330 i ; М 

> 5 E gi (6/3) in con unctic sith e 
iderations of cost and convenience enable 5 i : É J ion with con- 

siderations of cost anc enable the sampling technique being settled on ivsclentific 


basis. The values of the standard deviations obtained during the present survey show, how. 
ever, that working with handy cuts of the kind used here there would Pa Dope low А 10W- 
mining the district or provincial mean rates of yield with all necessary or к кы 
i sired precision. 


ration of 


's of ard deviations and coefti- 
ven in Table 


EFFECT OF PREMATURE HARVESTING 

160. A preliminary study was made of thee 

the crop before it was fully mature. One plot unde 
gram in Mohania were selected for th 
was marked out; and within this encl 
of 3 days until the plot was harvestei 
from which the mean weight of ears 


ffect on the rate of yield du 
| r wheat at Sasaram ànd ano 
Purpose. Within these plots a grid 
osure 10 plants were picked up at т 
d by the owner. Weights were take 
at harvesting W. 


e to harvesting 
ther plot under 
of size 20' 20’ 
andom at intervals 


n of individual cars 

‘A al ears 

е. PES @а IAE as calculated, ater on the бе 755 

dried and the weight of grain was also deter mined, and the ratio of the weight of grai р va 

of ears of wheat (or pods of gram) was calculated. Ы grain to weight 
161. Table (6/4) shows the results о 


f the work on wheat in Sasaram: col 
number of plants; col.(3) н 


date of collecting the plants; col.(2) the thenumbe 
TABLE (6/4). Wzranrs ( 


COL(1) gives the 
r of ears, The mean 


IN TOLAS PER EAR) ор WHEAT 


Date of cutting Number Number Mean weight in tolas Der ear with | ң 
plants from of plants of ears standard error | Ratio of weight of 
field of wheat of wheat crop as harvested | grain after extraction нр A i 
8 vestec 
— | 
(1) 0 w ——— Иа (5) Я раг ане 
= enna ih 6 
28 March 1944 10 11 0 -132£0 -008 0057-0 -001 7 
31 March 1944 10 75 0-163 0-012 0.0640 .005 ү 31240 -054 
3 April 1944 10 73 0 -155+0 -009 0 -090-£0 -003 015220 083 
6 April 1944 10 71 0-194::0:007 0 067-0 -002 0-503 70 192 
9 April 1944 10 66 0 122-0 006 0 -070 £0 -003 0-571 70 091 
12 April 1944 10 55 0-127 4-0 -006 0-077 0.003 501250 116 
weight of the crop in tolas per ear as harvested is given in со]. (4) 


; the mean wi 


in tolas per ear in col.(5); and the mean ratio of the weight of grain of Wheat to 


eight of grain 
Weight of earg 
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аз harvested is shown in col.(6). In the same way results for work on gram are shown in Table 
(6/5). As before, cols.(1) and (2) give the date of cutting and number of plants respectively. 
The weight of pods as harvested in tolas per plant is given in col. (3); the weight of gram (after 
^. from pods) in tolas per plant in col.(4); and the ratio of the above two weights in 
col.(5). р 


TABLE (6,5). WEIGHTS (IN TOLAS PER PLANT) OF GRAM. 
—————————————————————————— ————————— 


Date of cutting Weight in tolas per plant of Байы of weight of 
of plants from | No. of plants pods to weight 
field | pods as harvested grain after extraction | of gram 
w Se: ao Е (3) | (4) | 

29 Mareh 1944 10 10-0 6-5 
3 April 1944 10 10-0 6.5 
6 April 1944 10 6.5 4:0 
9 April 1944 10 6-5 4-0 


162. It will be noted that the weight of wheat ears decreased with increasing maturity 
while the grain gained in weight. The ratio of weights therefore increased with increasing 
maturity. In the case of gram both weights decreased with increasing maturity so that the 
ratio was more or lesss steady. 

163. The above experiment was undertaken to see whether it was possible to make 
any corrections for premature harvesting of the crop. As pointed out in another section, one 
great difficulty of working with a comparatively smaller number of investigators ina crop- 
cutting survey is the fact that the investigators have to move rapidly from one place to another 
in order to cover the whole province in an adequate manner. It is therefore often inevitable 
that an investigator should reach a village when the crop on the plots (which were selected 
beforehand at random for crop cutting work) was not yet ripe for harvesting. If the investi- 
gator has to wait until the crop becomes ripe, a good deal of time may be wasted. On the 
other hand, if he leaves the village without collecting the crop, a large number of gaps would 
occur in the sample. In this situation, if it were possible to cut the crop even when it was not 
fully mature and use suitable adjustments to obtain the estimated crop at maturity, then 
the efficiency of crop-cutting work could be inereased appreciably. The results obtained in 
the present preliminary study are not adequate for this purpose, but show that it may be worth 
while exploring the possibilities in this direction. 


MEAN RATES OF YIELD PER ACRE OF WHEAT AND GRAM 
,,, 104. We may now consider the full material comprising all cuts for which the weight 

of the crop as harvested was available. The data are given in Table (6/6) in which col.(1) 
shows the serial number of the sub-block; col.(2) the number of sub-cuts of wheat ; and col.(3) 
the mean weight in maunds рег асге. These were then converted into weight (in maunds per 
acre) of dry grain by multiplying by appropriate conversion factors based on linear regression; 
these values are shown in col.(4). "In the same way, the number of sub-cuts of gram as har- 
vested is shown in col.(5); the corresponding weight in maunds per acre in col.(6); and the 
converted weights (in maunds per acre) of dry grain in col.(7). Р 

165. Results of crop-cutting work in the special camps at Mohania and Sahpur in district 
Shahabad and at Gogri and Kanui in district Monghyr have not been given in Table (6/6) ; 
owing to their highly local character these values have neither been taken into consideration 
in calculating the district averages. 
| 166. It will be noticed from col.(3) of Table (6/6) that there were considerable variations 
In the yield from sub-block to sub-block, that is, from one geographical region to another 
within each district. In Shahabad the yield of wheat (as harvested) varied from 7:60 maunds 
per acre in sub-block (2) to 12-42 maunds per acre in sub-block (1). In Monghyr the variation 
1 — E larger; from 6.84 maunds per acre in sub-block (2) to 17:97 maunds per acre in sub- 

ock (1). , 

167. The variation was also quite large for gram (as pods at the time of harvesting) 
from 4.62 maunds per acre in sub-block (6) to 3-74 maunds per acre in sub-block (1) in 
Shahabad district as shown in col.(6) of Table (6/6). Omitting a very high value of 21:67 
maunds per acre in sub-block (1) in Monghyr district (which is unreliable as it was based on 
only 24 sample-cuts), the mean yield of gram was more steady and remained between 5.26 
and 6:80 maunds per acre in the different sub-blocks. 
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TABLE (6/6). MEAN YIELD IN MAUNDS PER ACRE OF WHEAT AND GRAM 
—— 
р Wheat | Gram 


Serial No. Weightin maunds peracre | Weight in maunds per acre 
of sub- No. of ears as | converted - №. of | pods аз | converted 
blocks sub-cuts | harvested | into grain | sub-euts harvested | into * 

FCC ү m ul (7) 


DISTRICT : SHAHABAD 


296 12-42 ` 8.23 148 


1 5:80 
2 270 7-60 5.04 245 5-68 
3 236 11:86 7:86 116 5-29 
4 64 8-95 5:93 37 4.30 
5 348 8-36 5554 226 3 ui 
6 52 8-82 5.85 56 3-07 


DISTRICT : Moncuyr 


T 24 17-97 10.81 20 
2 324 6-84 4-12 115 
3 183 7-51 4.53 179 
4 268 9-62 5-80 117 
8 ie 7-01 4-23 115 
6 169 17-05, 10-28 20 


DISTRICT OUTTURN OF CROP 

168. Having obtained estimates of стор acreage 

(in theory) to calculate the total outturn. Multiplying the estimated acreage by the estimated. 
rate of yield per acre for each sub-block, the outturn for each sub-block was directly obtained. 
From these the district totals were built up by straightforward addition, and are shown in 
Table (6/7). The serial number of the sub-block is given in col. (1); the total veographical 
area of the sub-block in thousand acres in col.(2) ; the sample estimate of the area of wheat (in 
thousand acres) in col. (3) ; and the yield of grain in maunds per acre of wheat in col.(4). 
Multiplying these two figures we get the total outturn of wheat in thousand maunds of grain 
in col. (5). In the same way, the area under gram is given in col. (6) ; the yield of grain in 


maunds per acre in col.(7); and the outturn of gram in thousand maunds of grain i c 8 
of table (6/7) for each sub-block separately. с 8 01 grain in col.(8) 


169. Adding the outturn for indiv 


and also of yield per acre it was easy 


1 idual sub-blocks we get in col. (5) of table (6/7) the 

total outturn of wheat grain of 1947-1 thousand. maunds in Shahabad and 1832:9 м 
maunds in Monghyr district. Dividing these figures by the corresponding sample estimates 
of crop acreage from col. (3), namely, 300.35 and 284-08 thousand acres respectively, we 
get the adjusted average rates of yield of wheat grain of 6:48 and 6:45 maunds per acre for 
Shahabad and Monghyr respectively as shown within brackets in col. (4) of Table (6/7). In 
the same way, we get the total outturn of gram (extracted from pods) of 1680:6 and 822-4 
thousand maunds for Shahabad and Monghyr as shown in col. (8) of Table (6/7) The corres- 
ponding adjusted average rate of yield for gram was £98 maunds per acre in Shahabad and 
4.25 maunds per acre in Monghyr. РНР ашаар 


OFFICIAL ESTIMATES OF YIELD AN 
170. District figures. It is difficult to make any с 
Rates of yield апа outturn are not ^en тр for d 
Agriculture Department but can be calculated in the Way explained helow "o 
ed forecast the condicion factor for outturn is given li portera 1 
77 per cent in Monghyr district. It is also stated that the standard rate of yield is 12 mnands 
per abe; multiplying this by the respective condition factors of 69 per cent and 77 per cent 
one gets the calculated rates of yield of 8:28 maunds per acre in Shahabad and 9:24 maunds 
er acre in Monghyr shown within brackets (to indicate that these are derived E: sures) in 
col. (4) of Table (6/7). Multiplying these calculated rates by corresponding official acreage 
figures of 263-8 and 219-8 thousand acres shown in col. (3) of Table (6/7), we get the calculated 
outturn in thousands of maunds of 2184 and 2051 in Shahabad and Monghyr respectively 
shown within brackets in col. (5) of Table (6/7). 
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omments on the above figures. 
Istricts in official publications of 
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| (6/7). А г A 
A 3/7) Ca LATED O 20 S OF GRAIN ОЕ WHEAT 
[TABLE (6 LCU. D OUTTURN IN THOUSANDS OF MAUNDS О: 
AND GRAM 


" г 
4 > | 
Sarel Lug Geographical | Wheat | _-@ 
of sub- nrea in — area i ield in — 
coe | 3 area in | yield in Outturn in Area i yield i PEE 
blocks | — thousand maunds thousand бя Dea ошо 
Е eres | асгез | per acre maunds acres per acre cae 
fa ae 
ol m9 l e |.9. 15 (6) АЕ ЕЕ СТЕ, 
a District : SHAHABAD 1 
: 163-6 8-23 541.9 83-90 5 
E 445 5 5 04 314-1 67-54 5 3 383 H 
4 429 0 7 86 398-6 61-52 5-2 325-4 
1 s 5. 206-8 48-34 4-8 232-0 
" 15 7 5 375 :0 49-08 3-4 170.3 
i 5:5 5. 110.7 26-95 3-0 82-7 
- 2796 -4 300 -35 (6 48) 1947-1 337-33 (4-98) 1680-6 
Calculated (official sources) 263 :8 (828) (218 4) (282. 3) (9-71) (21-41) 
е District: MONGHYR 
1 6 10-84 43-8 . 5-04 13°89 18-3 
3 4 4:12 64-9 1:38 3:37 58-6 
3 4-53 237-0 7 4-01 291-0 
5 0 5-80 421-7 52. 4.36 226-9 
A 3 4-23 255-8 33-03 3-07. 121:2 
Ба 4 10-28 810.7 12-79 3.63 46-4 
8 284-08 (6-45) 1832-9 193 43 (4-25) $22 4 
Cale orem 
uleulated (official sources) 219-8 (9-24) (2031) 210:5 (9:97) (2099) 


nvolved. The outturn for the province 
а under gram аз 1,459,600 acres in the 
Director of Agriculture. Dividing 
cre as the provincial rate of yield. 
as a whole (as given in the 
The condition factors 


171. For gram the calculation is а little more i 
541,800 tons, and the total are 
26th April 1944 by the 
10:1 maunds per & 
er cent for the province 
ntly 12:95 maunds per acre. 


28 a whole is given а 
"eee of rabi crops issued on the 
Dividi by by 1,459,600 acres one gets 
rau enn; the condition factor of 78 p 
for = Bist) the standard yield is appare 1 е 
Mais D. Bro Rae (in the rabi foret as 75 per cent and 77 per cent for Shahabad and 
rates * respectively ; multiplying 12°5 maunds per acre by these two factors the calculated 
pecti 9 yield are 971 and 9:97 maunds of grain per acre for Shahabad and Monghyr тез- 

ively and are shown within brackets in col. (7) of Table (6/7). Finally, multiplying the 


den raken Of xh . ! 
of ipee ates of yield by corresponding official estimates of area under gram in thousand acres 
5 and 210-5 we get the caleulated outturn of 2741 and 2099 thousand maunds of gram 
(6 IT) 1ahabad and Monghyr respectively which are shown within brackets in col. (8) of Table 


FE. Provincial figures : 
tho . of extremely doubtful value. 
in th sp a asa whole in 1943-44 is given as 1,220, : e out 
he fourth wheat forecast issued by the Director of Agriculture ; dividing t 

06 $ 
51 en in ‘condition factor for the whole province. 
it is the average value 


tive crop acreage). 
btain 


is given as 76 per ce E №. 
as 76 per cent. (We have checked this by 

Divi h district weighted. by the respec 
E ividing 10:09 maunds per acre by this provincia con fac 
fi — standard rate of yield of 1 
igure of 12 maunds per acre. No explana 
mn has been made even more qas 
‘heat forecast that the Departmental estimate Ot © e : 
п Dividi h ; à уса] yi 200 maunds per acre DY 
cent. Dividing the calculated provincial yield 1 £e of 10:09 1 x 11005 Taur den e apat 
mental condition factor 85 per cent one gets & d andere J per acre- Put this does p MARS 
м very nearly the same as the quoted figure of es та ids ety using ш ndash € n 
nything as the provincial outturn was on condit, Nothing 
а 


2 probably 9^, 
m Yo The real point is how was the epartmental est 
has been stated in this regard. 
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173. То study this question a little further the provincial rates of yield and the stan- 
dard yield for wheat, barley and gram for the four crop seasons from 1940—41 to 1943-44 were 
calculated from information given in official publications. The results of such calculations 
are shown in Table (6/A) in which col. (1) gives the crop season, col. (2) the area under each 
crop in acres in the province as a whole and col. (3) the total outturn in tons both as stated 
in official reports. Dividing the outturn figure in col.(3) by the corresponding acreage figure 
in col. (2) we get the calculated provincial rate of yield in maunds per acre shown in col.(4). 
-The provincial condition factors as given in official reports are shown in col. (5). Dividing 

the calculated yield rate in col. (4) by the corresponding condition factor in col. (5) we get 
the calculated ‘standard’ rates of yield per acre shown in col. (7). In certain instances 
what are called ‘departmental’ estimates are also given of the condition factor; these are 
shown in col. (6). Using these condition factors it is possible to obtain a second set of 
calculated standard rates of yield which are shown in col. (8) headed ‘departmental’ rates. 


TABLE (6/А). CALCULATED RATES OF YIELD BASED ON OFFICIAL SOURCES 


Area under | Produce in Yield in | Official condition Standard yield in 
Crop crop in | tons maunds per factor | maunds per nere 
season acre | р асге Provincial Departmental Provincial Depart- 
(official) | (official) (calculated) | average | average | mental 
@ s. (2) EO (4) | (5) | (6) | © [| м 
Wuear = 
1940-41 10,96,400 4,05,500 10-07 81 = 11 9 =й 
-42 13,00,000 4,841,600 10-14 85 — 
-43 12,80.000 5,81,200 12-36 91 = 
-44 © 12,20,800 452,700 10:09 76 85 ons 
16 85 11.37 
BARLEY — 
1940-41 12,958,200 4,46,000 9-35 87 — 
-42 12,84,300 446,300 9-46 88 = - 
-43 12,69,100 4,16;000 8-93 10 E — 
-44 12,79,100 — 495,000 10-54 g9 83 10-76 
AN 99 10 65 
Gram TER enia 
1940-41 14,44,300 4,67,700 8-81 82 = — 
-42 14,48,600 5,29,500 9-95 85 = 10.74 — 
-43 14,46,500 4,68,000 8-81 69 " 11-71 — 
44 14.0.6000 541800 10-10 78 x 12-77 10-74 
£d; 12.95 10.74 


174. For 1940-41 and 1941-42 figures of acreage { 
factor (opis. 5 and Gjate taken from Appendix III and V of the beben 
1941—42. For 17 8 and 1943-44, figures are taken from the "Fourtl Г -— enor, Panan, 
crop of Bihar 1943-44’ and ‘Forecast of the Rabi crop of Bihar 1943-44" orecast of the wheat 
isssued by the Department of Agriculture. The standard or TER. | dated 26th April 1944 
given as. 12 maunds per acre in the *Fourth forecast of the еа т те of yield of wheat is 
175. Ip will be genes that for wheat the “standard” $5812 v AR Bihar 1943-44." 
per aere in 1940-41 and 1941-42 but jumped to 13:58 maunda in n 99 and 11:95 maunds 
per aue in 9—44 For barley the standard yield was 10-75 n Siud З and 13-28 maunds 
and 1941-42 but suddenly increased to 1276 and 12.85 Tian naunds per acre їп 1940-41 
1 5 v epu У =: pu the standard rate was e gem md acre in 1942.43 and 
71 maunds in 1941-42, 12-77 m: $ in 1949.49 a. aunds per acre i 
sudden changes in the “standard” medi imag and 12:95 m y аа Ша 
the so-called. "departmental" 


yield is certainly curious aunds in 1943-44. Such 
4i о S. It w. 8 Б 
! estimates of the conditi я vould be also noticed that 
(6/A), bring down the “standard” yield of wh ition factor, give pies 
already noted, and of barley and gram to 


) and condition 


саб in 1043.44 to 1150 11 Col. (6) of Table 

yn 1 gra about 102 maunds pe 9 lr maunds per acre as 

s 3. a view oF the conflicting nature of estimates K * pos ne nrc, 

made personal enquiries from Mr. A. Р. Cliff of the Bihar Agri on Official publications I 

D. Ets ч damd Patna the 16th July 1944 he wrote griculture Department, In his 
“There have been no crop cutting experiment by this de 

The normal outturn of wheat is taken to be Ens p i on wheat and gram. 

vince vide p. 16 para 58 of the Crop Statistics Manual of Mul eee: the whole pro- 

Ў The provincial 
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normal outturn of gram is similarly taken as 103 maunds per acre. І am unable to give 

you any ‘evidence’ for these figures and doubt very much if any, worth the name, 

exists.” 

It is clear that standard rates of yield used by the Agriculture Department are purely 
conventional and have no basis in experimental observations. We have already noted that 
official acreage figures relating to “mixed crops” are extremely ambiguous. Comparison 
of our figures with official estimates is, therefore, not possible. 


SPECIAL STUDIES 

177. Mixed crops. Certain special studies were also attempted in connexion with the 
determination of yield and total outturn. For example, a preliminary study was made of the 
yield per acre of wheat from plots which were sown with different proportions of wheat in 
mixture with other crops; the results have been discussed in the next section 7. 

178. One point may however be noted here. In the present survey the crop acreage 
given is the net or effective area which would have been covered by a crop if it had been sown 
"pure" by itself, that is, without any mixture with other crops. The rates of yield per acre 
is, however, based on the gross or total geographical area covered by all crops in the mixture. 
To calculate the outturn by multiplying the above two figures would obviously lead to 
under-estimation. Official crop acreages are probably net areas (although nothing is known 
definitely about this), while standard rates of yield are presumably based on gross area; it is 
likely, therefore, that official outturn figures are also under-estimates. 

179. Variance function and border effect. & certain amount of material was collected 
to study in what way the variance of yield decreased with the increase in the size of the 
sample-cut ; but the material was too meagre to give any clear indication. There is urgent 
need of a critical study of the variance function and also of the border effect, that is, whether 
any bias is being introduced or not due to inclusion (or exclusion) within the sample-cuts of 
plants occurring on the border of the cuts. This bias, if it exists, is naturally likely to be 
comparatively more important in cuts of a small size as the proportion of the perimeter to 
the total area of the cut is large. 

180. Bye-estimation of yield per acre. In Bengal in 1943 and in previous years very 
encouraging results had been obtained in controlled experiments in eye-estimation by phy ical 
examination of the yield per acre of paddy and jute crops. A number of investigators were 
found capable of doing this with close approximation to results based on direct crop-cutting 
work. An attempt was made to carry out a similar experiment on wheat in Bihar, but owing 
to shortness of time the invest igators could not be given necessary training and the material 
collected was not of much value. | 

181. It will be noticed there are many problems requiring critical study in 
connexion with the determination of yield per acre and outturn о’ rabi crops in Bihar. 
А good begining has, however, been made in the pilot survey in 1943-44 which must be 
followed up in future. i 


SECTION 7. THE PROBLEM OF ‘MIXED’ CROPS 

182. In the rabi season in Bihar the outstanding difficulty was undoubtedly the occur- 
enos of mixed crops of many different types. Wheat, gram and barley are usually sown in 
mixtures of two, three or móre crops ; and plots under a single crop are rare except for arhar. 
It is therefore necessary to enquire what is the exact meaning of the area sown under mixed 
crops, and how is one to estimate the area separately for each component crop. 

TWO WAYS OF OCCURRENCE OF ‘MIXED’ CROPS 
| 183. So far as an individual plot is concerned the word ‘mixed’ may have two 
different meanings. For example, one portion say, 4-anna proportion of a plot may be 
entirely under wheat ; another portion say, 6-anna, entirely under barley ; and the remaining 
portion, say 6-anna entirely under gram. In such eases there is, of course, no ambiguity as 
to how much area has to be allotted to each individual crop. 

184. There is however a second way in which mixed crops can occur. For example, 
the sample plot may be sown with a mixture of wheat, barley and gram scattered all over 
the plot. In this case, in one sense, each crop covers the whole or 16-anna of the plot. Should 
then each crop be credited with the full 16-anna of the land? The total anna estimate would 
then obviously total up to 16--16--16—48 anna or three times the actual geographical 
area of the plot itself. A second method would be to make an estimate of the net anna- 
Proportion of the land which would have been covered by, say, wheat if it had been sown 
Separately from the other two crops. In this method the ‘net or effective proportion of land 


63 


A: è INDIAN JOURNAL OF STATISTICS 
Vor. 7] SANKHYA: THE INDIAN 


[Parr 1 


under each crop as i ive f course of land 
d h h to be estimated, and the total for each plot (inclusiv e, о ^ pes 
t under cultivation) would b invariably 16-anna or exactly equal to the geographical area, 
no 


VARIATIONS IN COMPOSITION OF ‘MIXED’ CROPS 


185. A complication is, ies be NE Тн fact that 4 the same two or 
j sown mixed in the second way (tha is, covering the i 
[ui s poti, the 9 or relative reos А of the different erops do not remain. 
8 but кау шлу from region to region, and even from plot to plot. Results of 
certain sample studies for wheat are shown in Tables (7/1) and (7/2) in which the pun 
position of different types of mixed crops are shown based on the analysis of — "s rm 
to 16,564 plots in Shahabad district and 16,724 plots in Monghyr distric In Table чү! 
the first three columns show the аппа composition of the crop under three heads, wheat, 
gram, and other crops respectively. Thus 16-0-0 indicates plots entirely under wheat, 
0-16-0 means plots entirely under gram, or 0-0-16 plots entirely unde 
themselves may be mixed). In the same way, 1-5 anna (under wheat 
gram) means a mixed cro 


), 11-15-аппа (under 
p of wheat and gram in which the anna proportion of wheat lies 
between l-anna and 5-anna and the anna-proportion of gram between 11-anna and 15-anna 
and 50 оп. Col. (4) shows the number of plots of each type occurring in the sample in Shaha- 
bad district ; col, (5) gives the percentage of all plots ; and col. (6) the percentage in terms 
of cultivated plots only. Similar information is given in cols. (7), (S) and (9) for Monghyr 
district. 


same identical 


r other crops (which 


_ 186. It is clear from Table (7/1) that plots under wheat or gram alone 
being only 3:2 per cent of all plots or 6-2 per cent of cultivated 


Wheat and gram in 
ind in 15-0 per cent of such 
Т crops in 22-1 per cent of 
plots in Monghyr; finally, 
54 per cent of cultivated 
plots in Monghyr. Gram occurs with 
n Shahabad in 145 per cent and in Monghyr in 7:9 per cent 
: Wheat thus occurs in mixture with some crop or other in Shahabad 
in 40-4 per cent, and by itself only in 3:8 per cent of all cultivated plots; in Monghyr 
wheat occurs in mixture in 38g рег cent, and by itself in only 5:3 per cent of all 
cultivated plots. In the same way, gram occurs in mixture with other crops in 49:5 per 

s іп Shahabad ; and in mixture in 33:6 per 
a г ers quite appreciably from plot to 


nt crop, say whea 


re with gram and othe 
per cent of such 
Flure with crops other than gram in 
'l per cent of such 


ent of cultivated plot; 
cent of cultivated plo 
ops of wheat and gr 
plot. 


187. The position so far as a particular compone 
seen better if the material is tabulated in 


col t, is concerned can be 
a different ў опей 


(7/4) in which col. n 
а sity of cultivation о 
4-proportion of wheat Witenes р . 
)-anna ог entirel "eei e 
nd col. (3) the OI ex pes EA sr Ue 

Ц i Xpressed in the 
plots studied. It will be seen fr , р erp 
Shahabad district 6:5 ly ра rool, (3) of T 


anna and 
anna, between 
number of plots 
term of percen- 
> able (7/4) that in 
0 per cent d en anna and 5-anna effective 
ind es (or 5'3-аппа) effective 
à medium "> qua crop; about 20:4 per 
plots had from 5 ve intensity of cultivation of 


an effective ar 
5°3-anna) е 
r cent with between ll-ann, 
were entirely unde 


; 34-3 pe 


GROSS AND NET AR 

188. This is the actual position. 
crops) to be estimated ? 
use in the Bihar Agricultu 


EA UNDER IN 


How then is th 
Our first reaction nat 


ral Department so th 


DIVIDUAL CROPS 
ле t 
urally w 
at our s 


Ар area, under Wheat (or other 
am le Jopi existing standards in 

ple estimates would be direc tly 
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TABLE (7/1). 


DISTRIBUTION OF PLOTS UNDER WHEAT AND GRAM BY 


TYPE OF MIXTURE OF CROPS. 


Anna-composition of | Shahabad Monghyr 
type of mixed crop | Number Percentage of plots to Number . Percentage of plots to 
Wheat | Gram | Others of plots | total cultivated | of plots total ‘| cultivated 
| ? | 
(1) (9 | (з) (4) (5) d. | @ MAS 09) 
(1) Single Crop (wheat ог gram) 
0 0 2-0 3.8 341 2.0 5:2 
0 16 0 1:2 2-4 185 lx 2-8 
Total 3-2 6.2 526 34 8-0 
(2) Wheat and Gram 
156  11—15 = % 94 0-6 1.1 102 0.6 1.6 
6—10 6—10 — 607 3-6 7*3 763 4.6 11:6 
11—15 1— 5 — 377 2.3 4.5 115 0.7 1:8 
Total 1078 6-5 12-9 980 5-9 15-0 
(3) Wheat and Others (not gram) 
1— 5 — 11—15 148 0.9 1.5 0.5 2.0 
6—10 — 6—10 149 0-9 1:8 14 34 
11—15 — 1— 5 153 0-9 1:8 1:0 2-7 
Total 450 2-7 54 534 3.2 8-1 
(4) Gram and Others (not wheat) 
= 1— 5 11—15 370 2.3 4-4 156 0-9 24 
— 6—10 6—10 481 2.9 58 264 1.6 4-0 
= 11—15 1—5 361 2-2 4.3 97 0.6 1.5 
Total @ 1212 7.3 14.5 517 361 7:9 
(5) Wheat, Gram and others 
5:3 5:3 5-3 1847 11-2 29.1 1029 6-2 15:7 
(6) Other crops (not wheat or gram) 
= = 16 3255 19:6 38-9 2975 17:8 45.3 
Cultivated plots 8364 50-6 100-0 6561 39-3 100-0 
= (7) Not cultivated 
0 0 0 8200 49-5 — 10163 60.7 = 
All plots 16564 100 -0 — 16724 100-0 — 
TABLE (7/2). SUMMARY DISTRIBUTION OF PLOTS UNDER WHEAT 
AND GRAM BY TYPE OF MIXTURE OF CROPS 
Shahabad | Monghyr 
Number Percentage of plotsto | Number | Percentage of plots to 
. А Ma 
of Plots total vultivated | of Plots total cultivated 
a) TEN T i= 7 
l Single crop (wheat or | (3) m. 6) (6) eu 
gram) 522 .9 .9 9 ә. 2 
2 Wheat and gram 078 7 8 a E 5 00 S 2 
i 1078 6-5 12-9 980 5-9 15:0 
3 Wheat and others 450 2.7 5.4 534 3-2 8-1 
4 Gram and others 1219 7:3 14:5 517 3-1 7-9 
5 Wheat gram and others 1847 11 2 22.1 1029 6-2 15:7 
Other erops 3255 19-6 38-9 2975 17:8 45-3 
Total cultivated 8364 50- 100-0 6561 39.3 100-0 
(Not cultivated) 8200 49-5 = 10163 60 -7 = 
All plots 16564 100-0 = 16724 100-0 = 
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i . I made enquiries in the matter, and also requested 
[ox cede Oo alarm cuim л subject with the officers of the Agricultural Depart- 
ment and to ascertain what methods were actually being used for estimating the area айша 
to individual crops in the case of plots with mixed crops. No definite information ваш q 
be secured but I was given to understand that the Agricultural Department was not using алу 
standard method for this purpose. 'Тһе area figures for individual mauzas are 17 
to be supplied by local officers, and nothing was known as to how the acreage for individua 
crops was actually estimated. 


189. The Settlement Reports also failed to make the position clear. In the Gaya 
Report (1911-1918) by Mr. E. L. Tanner, 1.c.s., it is stated in para 136, p. 81 :— | 

“If in any particular plot wheat and barley mixed were recorded as having been 
grown, the area was proportionately divided between them". 

This, of course, is the method of using net or effective acreages. 

Report in para 140, p. 82, it is, however, again stated :— 

In the first year’s area an attempt was made to reduce all the results to a 16-anna 
crop by estimating, what the actual crop was in terms of a bumper crop (16-аппа). The 
result was so inaccurate that this was dropped and only actual results recorded... ... 
and in giving the results of the experiment only actual outturns have been giv 
The attempt to make adjustments for the variation in the yield due 

in the effective composition of wheat in mixed crops was thus apparently 


In the same 


en”, 
to differences 
abandoned, 


GROSS AREA WITH ANNA COMPOSITION 

190. In the absence of any standard method the Field Branch was provisionally 
instructed to try to estimate the net or effective anna proportion of the plot covered by indi- 
vidual crops. On the 25th and 26th March 1944, when I was at the special camp at Bikram- 
gunj in Shahabad district, this question was discussed in considerable detail ab weren 
with the technicians and the supervising staff of the Field Branch. It iie ӨТЕ that the 
proper course would be to record both (а) the gross area as well as (b) the estimated effective 
composition of each component crop either in anna terms or in certain sta dard broad 
categories such as ‘low wheat and heavy gram’, ‘medium wheat and elm pieni ete. 


By direct experiment we found that there was no diffi К ene 
А 2 : Б ficulty in classify ; "Y mixe 
crops in such broad categories. y in classifying plots under mixed 


YIELD RATES FOR MIXED CROPS 


191. It was also decided that if crop-cuttin 

a sufficient number of plots of each of the diffe 

possible to determine how the rate of yield pe 
its composition in the mixture. These rates of yield could be the ; 

total production or outturn from plots in different categoria, 1 4 — el “a oid the 

* ate in зе seasolrt 


to carry out this programme in full but a certain amount of material ай KH 2 3 
results of considerable interest have been extracted, S secured from which 


g experiments could be 
1 уреа of mixed crops then it would be 
acre of each individual crop depended on 


carried out on 


192. From available crop-cutting records an 
under mixed * by the proportion or ann 
Unfortunately, the anna composition of the crop was, as a i 
cutting record itself; the serial number of the rid (roms whet i r 
also not given. The serial number of the plot was, however, availabl E 
or field records for area survey ; it was possible, therefore by "m "s in the original алга 
to trace the corresponding effective anna-composition of wheat їп ü ning through these lists, 
at the time of the area survey in the field khasra books, The ne given plot as recorded 
laborious. Relevant information was however traced for 189 p] " Procedure was extremely 
for 247 plots in Monghyr district. Plots in Shahabad district and 

193. The yield of wheat in maunds per acre was calcul 
different anna-categories. The results are shown in Table (7/ 3) 
tion of the plots is given in col. (1) in two-anna intervals, that 18 vd і anna-composi- 
of 1 and 2-аппа, 3 and 4-аппа, 5 and 6-anna, ......) ge 1 estimated compositions 
The number of plots in each category is given in col. (2): lind 1755 16-anna under wheat. 
maunds of wheat grain per acre is shown in col. (3). ү ле obse 


rved mean yield in 
in each class in Monghyr district is shown in col. (5); ау, the number of plots 
col. (6). 


erved yield of wheat in 


attempt was m 


| 1 ade to с 
a-estimate of effective "à 


assify the plots 
Composition of wheat. 
nentioned in the crop- 


plot was selected) was 


ated Separate 


$ Š ly for plots in 
in which the 


n the same w 
and the орз 
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TABLE (7/3). RELATION BETWEEN YIELD IN MAUNDS OF GRAIN PER ACRE 


AND ТА PROPORTION OF INTENSITY OF CULTIVATION OF WHEAT IN MIXED CROP 
Anna proportion of | District Shahabad | District Monghyr 
intensity of cultivation |“ No. of Mean yield in No. of Mean yield in 
of wheat in mixed | plots in maunds per acre plots in ,  maunds рег acre _ 
crops (sample plots) sample "observed graduated | sample observed | graduated 
E — — 
m | pie 3 
m a lI ml m БГ i 
l-anna to — 2-anna 9 0 de 
anna to 4-anna 17 v 555 
аппа to — б-аппа 30 1 E. 
7-anna to 8-аппа 32 7 6-0 
9-anna to 10-anna 35 1 9-8 
ll.anna to  12-anna 19 E 7528 
l3-anna to 14-anna 10 uis 
15-аппа to 16-аппа 37 8 E 
Total 189 ЭЛ9 
АП sub-cuts 1266 6-21 — 1112 5.58 m 


194. It will be noticed that, on the whole, the yield increased, as one would expect, 
with increasing intensity of anna-composition. А second degree parabola was used for 
graduating the material for Shahabad district, and a simple straight line for the Monghyr 
material. 'lhe graduating equations are :— 


y—3:66-2-0741(x)—0:011(x?) is T .. for Shahabad ; 
and y—3714-0:30(x) es .. for Monghyr, 


where y is the yield of grain of wheat in maunds per acre, and x the anna-composition of 
wheat in mixed crops. It may be mentioned here that the value of the coefficient of correla- 
tion was --0-269 for the Shahabad material and. +-0°370 for the Monghyr material ; standard 
deviations of x (the anna-composition) were 4:22 and 4-18 for the two districts respectively E 
and standard deviations of y were 3.39 and 3.14 maunds per acre for the two districts 
respectively. The graduated values are given in col. (4) for Shahabad and im col. (7) for 
Monghyr. 

| 195. One point deserves notice in Table (7/3). The rate of yield per acre does not 
increase in equal proportion with the increase in the anna-composition of cultivation. For 
example, in Shahabad district, the graduated yield is 4-3 maunds per acre for ап аппа- 
composition of 1 and 2-anna proportion of wheat in mixed crops ; 6-1 maunds per acre for an 
anna-composition 7 and 8-anna ; and 7-4 maunds per acre for an anna-composition of 15 and 
16-anna. In the same way the corresponding yields аге +2, 6-0 and 8.4 maunds per acre т 
Monghyr district. Thinner compositions evidently give proportionately greater yields which 
is probably the reason for their popularity. s 


CALCULATION OF OUTTURN FROM MIXED CROPS 


196. From a knowledge of the way in which the rate of yield per acre depends on 
the anna-composition of wheat it is possible to calculate the total outturn without any 
difficulty. We had seen in "Table (7/4) that 6:5 per cent of wheat plots in Shahabad had 
been recorded as having an effective anna-composition of 5-anna or less. The mid-value of 
the composition in this category is 3-anna which may be adopted as the average composition. 
The total area of 300-3 thousand acres under wheat in Shahabad and 284:1 thousand acres 
under wheat in Monghyr can now be allocated to each category in proportion to the respec; 
tive percentage of sample plots shown in col. (3) of Table (7/4). For example, the allocated 
area in the category “lanna to 5-аппа” (with mid-value 3-anna) is 2171 thousand aeres. 
The corresponding gross area must be, of course, much higher; and can be reconstructed 
by multiplying the net effective area 21-1 by 16/3 which gives 112:5 thousand acres as 
shown in col. (5) of Table (7/4). Inthe same way for the class of 6 to 10-anna (with an 
average composition of 8-anna) the multiplying factor will be 16/8 ; and for the class of 1 
to 15-anna (with an average com- position 'of 13-anna) the multipllying factor will be 16/13. 


н is pe possible to pass from the estimated net or effective area to the gross area under 
wheat. 
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TABLE (7/4). RECONSTRUCTED VALUES OF GROSS AREA UNDER 
WHEAT IN THOUSAND ACRES AND OUTTURN OF WHEAT IN THOUSAND MAUNDS 


Area under wheat 


4 Plots under wheat | in thousand acres” | Yield in | Estimated 
Атпа UI — | maunds per | outturn in 
end 5 mixed Total percentage | effective gross re- асге | thousand 
m (sample plots) number | (observed) | constructed | maunds 
1 | 2 | s а ii — 
DisrRICT SHAHABAD 
-anna to -anna 242 5 21-1 4-79 539 
Cd n 1847 50-0 150-1 5-52 2501 
6-anna to  10-anna 756 20-4 59-7 6:24 745 
11-аппа to 15-аппа 530 14.3 42-0 7-13 369 
16-аппа 322 8.8 27 · 4 7-40 203 
"Total 3697 100-0 300-3 - 5-70 4357 
Districr Moncuyr 
1-аппа to -anna 235 8-1 22.6 4-61 
5-3-аппа 1029 35.7 91-1 5-30 
6-anna to I. anna 989 34.3 89-8 6-11 
11-аппа to 15-аппа 290 10-1 35.3 7-61 
16-anna 341 11.8 45.3 4 8:51 
Total 2884 100-9 2841 50638 57 
197. Results of such calculation 


К в аге shown in Table (7/4) in which col. 1) gives the 
estimated d 15 m — 75 acreage under wheat in different anna classes, Multo Dus these 
y appropriate factors shown in col.(3) we get the gross acreage under wheat shown i 1.(8 

i T P 26 БГО58 асгег at shown in col. (8). 

It ма еа ава that in Shahabad district a net or effective acreage of 300:3 thousand 
acres would be roughly 1 to a gross area of 764-1 thousand acres, In the same way, 
rea of 284-1 thousand acres w b equi S. vcn ДОП 

» ut "o Heres in Monghyr district. * would be equivalent PEE 
ME a" m the grad ог calculating the total outturn is also shown in Table (7/4) in which 
Multi ji аф Shen pm i ame of the yield in each anna-class of Composition of wheat. 
acl (б) ue qub the total euim ud the corresponding reconstructed gross acreage given in 
category of plots as shownin eol 17 production of wheat grain in thousand maunds for each 
outturn of 4357 and 3827 ani d W the figures in col. (7) we get the reconstructed 
respectively. 5 tor the two districts Shahabad and Monghyr 


1947 and 1833 thousand maunds respcct;, tan the two previous figures of o 


caleulation a 18 ^w districts w} 
к sults - 11 : ч 1 the prese secti 4 "e 
a "popu. иш, I to paucity of the data FR which tee n ould give gut 
are based it is not certain how much weight can be attached to the par ticular calculation: 
ting the outturn of plots under x : 9 the present figures. Calcula- 
rate of yield dor a “pure” д i.e. sown by itself w m or effective " 
estimation as plots with t ,COmpositions of yy] н Хопге) would lead to under- 
than plots with heavier compositions, Owing to the fact Proportionately higher yields 
sown in mixture with widel ACG th 


x е тад S at Wheat in B; 5 zually 
1 У varying com positions it is 4j. at in Bihar is usually 
of all plots under mixed crops would lea | S it is also cle 


acreage by the 


1d to wrong results. C ar that lumping together 

А B Nei 8 8 ale $ 2 e S + 

illustrate the many pitfalls arising from the occurrence o Caleulations уси in this Report 

in Bihar. | mixed crops in the rabi season 
200. In view of the d 


^ UR en ifficulties in the in т 
crops 10 must be emphasized that по valid comparison ie estimates re] 
estimates and official figures. Further experimenta] stu ble at present, between sample 
method can be found for dealing with mixed Crops of the wit vequired before a satisfactory 
in Bihar. The subject is of great import © widely 
be undertaken preferably in collaboration with the Agricul е experiments should 
SECTION 8. COST OR dom epartment. 
201. I have already explained that one of the АТОМ 

in the rabi Season in 1944 was to collect information wh: ects of the exploratory survey 
of the survey being reduced in future by more efficient planni ould enable the running cost 
Records were, therefore, kept of the amount of time required f. of the Sampling technique. 
and other items of work. Certain results based on these Sand e dianeration of the grids 
section. в are 


IScussed in the present 
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FIELD BRANCH 

202. The total number of workers and their distribution among different sub-blocks: 
have been given in Table (4/1) in Section 4. In order to assess the total volume of work 
it is not enough to give the number of workers ; it is also necessary to give the number of days 
on which they had actually worked. Here a distinction has to be made between what may 
be called ‘working-days’ and ‘pay-days’. By ‘working day’ is meant a day which is actually 
spent in some kind or other of field work. On the other hand, a ‘pay day’ is a day for which 
salary was paid irrespective of whether any actual field work was done or not. It is clear 
that, owing to minor illnesses and с tion of work through inclement weather and other 
unforeseen reasons, the number of ‘working days’ will be less than the number of ‘pay-days’. 
For cost studies it 15, however, convenient to use the *pay-day' as the unit of measurement. 

203. A second point must be explained before going into further details. 1t is clear 
that there are different types or grades of working days, namely, the working day of a chief 
inspector or that of an inspector or that of an investigator. Strictly speaking, the whole 
of the primary work is actually done only by the field investigators, the duty of the chief 
inspectors and inspectors being simply to see that the work is done properly. It is therefore 
necessary to distinguish carefully between the two types of work. In fact the most convenient 
plan is to look upon the ‘working day’ of the investigators as the fundamental unit of 
measurement, and treat the ‘working-day’ of the inspecting staff as overhead. 

204. To recapitulate, in the present report one ‘working-day’ means one day of actual 
field work done by an investigator and is the fundamental unit of measurement; but for 
cost studies, the ‘pay-day’ of an investigator, namely, a day for which salary is paid to one 
investigator is adopted as the basie unit throughout the present report. 

205. In converting investgator-days or pay-days into money values it is of course 
necessary to add the whole of the over-head in the way of pay-days of the inspecting and 
supervising staff as well as all other expenses incurred for travelling and contingent charges. 
Such conversion of investigator-days into money values is however of importance only for 
budget purposes. So far as the technical problem or preparing the design of the survey 1s 
concerned it is clear that results in terms of pay-days are fully adequate. 

TOTAL VOLUME OF WORK 

206. The number of investigators and the number of pay-days (as defined above) 
spent in different operations of the survey are shown in Table (8/1) for the extensive scheme 
separately for each sub-block in the two districts Shahabad and Monghyr. Col. (1) gives the 
serial number of the sub-block ; and col. (2) the number of investigators working in each 
sub-block. The total number of pay-days spent in area survey work is given in col. (3), and 
that in crop-cutting work in col. (4) ; the total number of pay-days consumed is shown in 
col. (5). The number of grids actually enumerated in the area survey is shown in col. (6) ; 
the number of sample-cuts harvested is shown for wheat in col. (7) and for gram in col. (8) ; 
and the total number in col. (9). 


207. It will be noticed that the total number of investigators employed in the extensive 
scheme was 73, and that they spent a total number of 4,882 pay-days consisting of 4,565 
days of work in area survey, and 317 days of work in the crop-cutting scheme. The total 
number of grids actually enumerated їп the area survey was 14,438 ; and the total number 
of sample-cuts of crop collected was 3,875 of which 2,378 were of wheat and 1,497 of gram. 


. 208. In the same way, the number of investigators and pay-days spent in the special 
(intensive) scheme in the block camps and special camps in Shahabad and Monghyr districts, 
and also in the preliminary work in certain adjoining districts are shown in Table (8/2). 
It will be remembered’ that the work done in the intensive scheme was located 
near a number of camps names of which are given in eol. (1). The number of in- 
vestigators and the total number of pay-days spent are given in cols.(2) and (3) respectively. 
The number of grids enumerated in duplicate for checking is shown in col. (4); and the 
number of sample-cuts of crop collected in col.(5). The total number of plots surveyed in the 
complete enumeration of all plots in selected areas is shown in col. (6) ; the number of plots 
which were surveyed twice in col. (7) ; and the total number of plots surveyed in col. (8). 


š 209. In addition to the pay-days shown in Table (8/2) certain precision experiments 
оп crop-cutting work were also done in the two special camps at Gogri and Bikramgunj. In 
the intensive scheme the total number of pay-days spent was 1999; and in the extensive 


see as already noted, 4565, so that the total number of pay-days used in the whole survey 
was 6564. 
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TABLE (8/1). DISTRIBUTION OF INVESTIGATORS AND PAY-DAYS 
BY SUB-BLOCKS (EXTENSIVE SCHEME). 
7 
— — ——— —a—À— ———— 


| Pay-days spent | Number surveyed = 
Serial No. No. of | E СЕЕ — rid pow Sample-cuts (crop-cutting) 
of sub- mvesti- | area | егор- ‘ial | 1 5 x — — 
» d 2 otal ы 
blocks | parong | ESIS T pem. survey) | wheat | gram total 
| | | — —— = 
G | er T ou | m. ei «o | m | em | w 
DISTRICT : SHAHABAD 
1 6 428 5 478 296 148 444 
2 6 432 465 270 248 518 
3 6 429 29 458 236 116 352 
4 6 345 9 354 64 37 101 
5 5 376 35 411 348 26 574 
6 7 360 21 381 52 56 08 
District 36 2370 177 2547 7377 1266 $31 2097 
DISTRICT : Moncuyr 
1 6 424 7 431 1325 24 20 
2 7 378 34 412 1433 324 215 
3 6 441 26 467 1368 180 179 
4 6 331 27 358 970 208 117 
5 6 298 22 320 1002 148 115 
6 6 323 24 347 963 168 20 
District 37 2195 140 2335 7061 112 .— 600 — qms — 
Two Districts 73 4505 Um HB шш о поо gum 
TABLE (8/2). DISTRIBUTION OF 


— 3 


INVESTIGATORS AND OF 
(INTENSIVE SCHEME) 


| — 77 nr E НИИ 


PAY-DAYS BY CAMPS 


, Area | Number of lots i 
Name of investi- | pay- | Survey : | Crop-cutting complete 1 
camp , „gators days | Et | mo. of cuts single duplicate | oifectivo 
" | | | d | survey survey | total 
(1) | (2) (3) | (4) | (5) (6) | (7) to * 
BLock camp PARTIES 
Jamui 4 119 = 186 . 
Lakhisarai 3 100 186 PRA 1855 7804 
Khagaria 3 53 tm id 772 4564 
Shahpur 3 219 = 2040 - 6575 
Mohania 4 220 318 914 1608 7479 
Sasaram 4 217 — DE 860 ket на 
— — = 1073 4327 
Total 21 928 3740 a 0 = 
SPECIAL camp PARTIES 6168 3445 
Gogri 7 401 1380--957* TIS 
Bikramganj 7 267 1 7 E 50 и 
Ы — 717 
Total 14 668 1380-1693 E e 
MOVING САМР PARTIES mmn 50 34881 
Hilsa, Bettiah, Jahanabad 7 403 — mel ТР 
— 28,517 38,517 
Total 42 1999 — 51204169 — — EN 
20 /1693* 91 6s ч 
* multiple cuts of different sizes, 91,630 6218 97,848 
DISTRIBUTION OF PAY-DAYS BY SUB-B 
Р : “BLOCKS Ay ii 
210. Having considered the total volume of w ND HALTAGES 


the number of pay-days consumed 
the number of grids surveyed, the number of 
days per grid are shown in cols. (5), (6) 
data are given for the two samples 
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n in col. (2), and 


У now look to the distribution 


ahabad and Monghyr which 
© sub-block. For sample (A) the 
ay-days consume 
T of grids Surveyed is obtaine 
~ 801 у Tn the same Wao 


med, and the numb f pay- 
for 8 um er ої pay” 
Ыл (8) 19 (В). Finally, similar 


(9) and (10) respectively: 
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It will be noticed that the number of pay-days consumed per grid, that is, the average number 
of grids enumerated was nearly the same in each of the sub-blocks in both districts. 
DISTRIBUTION OF GRIDS AND PAY-DAYS BY SUB-SAMPLES AND HALTAGES 
211. The distribution of grids and pay-days is shown by sub-samples and haltages in 
Table (8/4) in which col. (1) gives the serial number of haltages instead of the serial 
number of sub-blocks as in Table (8/3) ; otherwise the arrangement is identical with that 
in Table (8/3). Thus for sample (A) the total number of grids surveyed, the number of 
pay-days consumed, and pay-days consumed per grid are given as before in cols. (2), (3) 
and (4) respectively. Corresponding figures for exsample (B) are given in cols. (5), (6) and (UH 
and for the two samples (A) and (B) combined together in cols. (8), (9) and (10) respectively. 
TABLE (8/3). DISTRIBUTION OF GRIDS AND PAY-DAYS BY SUB-SAMPLES AND 
SUB-BLOCKS 1 


| Sample (A) Sample (B) Combined Samples (A+B) 
Serial No. = — = Р; к 
kd — Number of | pay days | Number of pay days .. Number of pay days 
z grids pay days | pergrid | grids pay days per grid grids pay days per grid 
s | | = | | j | 
(1) _@) | oy | @© (5) (6) | (1) (s) (9 (o) 
DISTRICT : SHAHABAD 
1 628 210 33 640 34 1268 428 34 
g 647 230 36 584 35 1231 432 35 
E 624 314 34 735 29 1359 429 32 
4 808 207 20 487 28 1295 345 27 
5 - 392 161 41 552 -39 944 376 40 
6 762 205 27 518 30 1280 360 28 
District 3861 1227 32 3516 1143 33 7377 2370 32 
Disrricr : MONGHYR 
1 517 208 40 808 216 27 1325 32 
2 745 200 -27 688 178 -26 1433 20 
3 765 225 603 216 36 1368 32 
4 172 404 159 39 970 34 
5 176 405 122 30 1002 30 
6 17: E 419 150 36 963 34 
District 3734 1154 -31 3327 1041 -31 7061 2195 31 


212. The only point to be noted in this table is the fact that the number of pay-days 
consumed per grid was appreciably higher (or the number of grids surveyed per day was appre- 
ciably lower) in the fifth haltage in each of the samples (A) and (B) in both districts. . This 
is also true of the fourth haltage but to a smaller extent. This is due to the fact that in the 
fourth and to a greater extent in the fifth haltages the investigators were also required to do 
crop-cutting work in addition to area enumeration. This naturally slowed down the output. 

TABLE (8/4). DISTRIBUTION OF GRIDS AND PAY-DAYS BY SUB-SAMPLES AND HALTAGES. 
CCC 
— Sample (А) Sample (B) ^| Combined Samples (A+B) 


Serial No. ~~ 


| 
y^ — Number of рау days | Number of Pay days Number ой. Дау days 
| grids | Рау days| pergrid | grids rpay-days | per grids | grids |pay-days| per grid 
o I 6 | m |] oe (6) (7) @ | @ ' ao 
DISTRICT : SHAHABAD 
1 854 263 31 753 243 32 1607 506 31 
2 816 235 -29 820 227 -28 1636 462 28 
E 553 244 28 713 229 :32 1596 473 :30 
4 781 260 33 704 232 -33 1485 492 33 
5 527 225 43 526 212 40 1053 437 42 
Total 3861 1227 32 3516 1143 33 7377 2370 32 
DisrRICT : MONGHYR 
1 795 242 -30 613 182 :30 1408 494 30 
2 805 246 “31 734 207 -28 1539 453 -29 
5 778 222 -29 635 201 -32 1413 423 30 
4 805 244 30 715 238 -33 1520 482 32 
5 551 200 36 630 213 -34 1181 413 35 
Total 3734 1154 31 3327 1041 :81 7061 2195 31 
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RELATION BETWEEN COST AND DENSITY OF GRIDS 

213. It has been explained in previous sections that a very simple design was inten- 
tionally used for the present survey, and no provision was made for detailed studies of the 
cost of operations for different patterns of field organisation. he over-all density of grids 
was kept more or less the same, that is, an equal number of sample units was allotted to 
each zone-cell of equal size. Village maps were, however, not available in certain instances 
and also for other unforeseen reasons some of the grids had to be abandoned. 
of grids actually enumerated was thus reduced in some of the zone 
variations in the effective density, that is, in the actual number of grids enumerated per 
square mile. Advantage was taken of such gaps to determine approximately how the cost 
of operations varied with changes in the density of sample-units, 

214. Material relating to the time consumed for different effect 
is shown in Table (8/5). For this purpose the different zone-cells were 
with the effective density, that is, the number of grids actually surveyed per square mile. 
The class range for such grouping is shown in col. (1) ; and the midpoint of the range in col, (2). 
Thus the ranges for classification were effective densities of O21 to 0-40, 0-41 to 0-60. 2.41 
to 2:60 with respective midpoints 0:305, 0:505,. .2:505. The respective number of zone-cells in 
each class in district Shahabad is shown in col. (3) from which we find, for example, that the 
number of zone-cells having effective densities of grids actually enumerated between 1.41 
and 1:60 (with a mid-value of 1:505) was 12; and so on. The üverage numbe 
consumed per grid for each class of effective density in district Shahabad is sho 
In the same way, the number of zone-cells in each category and the corres 
of pay-days consumed per grid for district Monghyr are given in cols, (6) 
and similar data for both districts combined in cols, (9) and (10) respectively 

215. It will be noticed from col. (10) of Table (8/5) that for an effe "m "e 
0:705 the time consumed was 0-34 pay-day per grid, while it is à; qm 
0:27 pay-day per grid for an effective density of 2:505 grids 
generally, the number of pay-day per grid decreased as the 
is just what one would expect. When i 
large number of grids per Square mile, it j 
grid to another would be less per grid t 
widely scattered. 

216. The observed values of pay-day per grid were then graduated bv 
The calculated parameters are given in Table (8/6). The total num! * 
purposes of graduation was 96 for Shahabad district. The —. — id of zon : 
per grid was 0°3142, and the average density of grids per ве SES Sonu in terms of pay-day 
Shahabad the regression equation was ; per Square mile was 1-4995, For 
C=0-3811—0-0515 (D)... 
where (C) is number of pay-days per grid, and (D) the effective de 
surveyed per square mile. `The ratio of variance due to linear regressi 
that the observed decrease in cost (pay-day per grid) with in : 7 Was 17. 
statistically significant and must be considered to be real шыш: density 

217. The graduated values of cost (pay-day per grid) fe В 
$ Е 55 E A de à m 
in col. (5) of Table (8/5). Considering the nature of the 
satisfactory. 

218. The graduation parameters for 
are also given in Table (8/6). 
ficant ; and this is true for the 
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PRACTICAL VALUE OF RESULTS 

32]. It is worth while pointing out the importance and practical value of the above 
study. In preparing the design for the bhadoi season it was possible to calculate in advance 
(with the help of the above results) the time which would be required for an area survey м ith 
different densities of grids. Information relating to cost of operations collected in the rabi 
season was thus of immediate and direct practical use in preparing the programme of work 
in the bhadoi season. 


EXPENDITURE IN THE FIELD BRANCH 


222. Worker-months. We may now consider briefly the expenditure in money incurred 
in the field branch for the survey in the rabi season of 1943-44. This is shown in Table (8/7) 
in which col. (1) gives the heads of broad groups of expenditure. Col. (2) shows the number 
of months of work put in by different categories of workers ; from this column we find that 
the total number of months of work done by investigators was 158:3, that done by inspectors 
was 37°0 months, and that by chief inspectors 13:4 months in all. The corresponding volume 
of work done by each category of field staff in the Bengal Crop Survey of 1943-44 (in two 
crop seasons, namely, bhadoi or jute and aus 
in col. (3) from which we find that the tot 
was 2000 in round numbers, that done by 
months. The next two columns give у 
month ; from cols. (4) and (5) w 


paddy, and aman paddy) is shown forcomparison 
al number of months of work done by investigators 
inspectors 430 months, and. by chief inspect s 108 
the proportion of inspecting staff per investigator- 
was 0.24 per investigat а notice that in Bihar the effective proportion of inspectors 
same thins bee $ tor-month, that 15, one Inspector per 4 investigators against ("22 or 
as 0:0 E cen lin 4 and 1 in 5 in Bengal. The proportion of chief inspectors in Bihar 
was 0:09 or 1 chief inspector per 11 investigators against 0-05 or 1 in 20 in Bengal. 


TABLE ENEN 
ABLE (8/7). COMPARATIVE FIELD EXPENDITURE IN BENGAL AND BIHAR. 


cos 
M vi apees 
Number of Rate in гир 


i " Rate per *Total expendi- sp investigato" 
eS are гаса іда investigator month ture 112 eed | p month E 
i | р я Bihar | ihar | 
rabi | 1943-44 Bihar аг Bihar 


Bengal | bi — ; Bengal 
rab 1943.44 1940 а Bengal rabi 
1, 


| Bihar Bengal 
| 
| 


2) | я [e ——— € inl n 
m HI шатаа. 
м DE E 100 100 % 72.000 40-50 — 36:00 
3. Chief Inspect 2 0-24 0-22 2,330 30,100 15-00 15:09 
3. Chief Inspectors 13-4 108 0-09 0-05 998 13500 ig 5 9-45 
8. 3.9 Que 
Ба T to 8) 205:7 2,538 133 1-27 0598 121,000 61 80 6050 
БЕ: i35 21, 51. s 
5. Dearness allowance Poor ee — 0 
у. Leave salary & Provident 2,092 34,000 13-50 17 0ʃ 


fund 


0400 — 320 


7. Sub-total (5-6) - 
2,092 40,400 — 13.50 


8. Field staff sub-total (4-- 7) 


— 


11690 161,400 75-30 


9. Supervising staff — 
10. Headquarters 5,603 GUT Se 00 
4,183 7100 27-00 


11. Sub-total (9- 10) 


К | J = |. u 9,786 13,600 63-00 
12. Staff sub-total (8-- 11) lor enm — 

Other expenses ?1476 175,000 138-30 
13. "Travelling allowance 


14. House rent 23 


20,000 18-00 
15. Contingent (with peon) 


| 2400 — 2-10 
6.270 25.800 — 40-50 


16. Other expenses sub-total 


_ 94400 48.200 — 60-60 


p 


30,876 223,200 198 90 111 60 


17. Grand Total 
* excludes non-recurring expenditure on training. 


223. Total expenditure. The total expenditure incurred in Bihar, correct to the 
nearest rupee, is shown in col. (6); and the corresponding, expenditure incurred in the Benge, 
scheme, in round figures In col. (7). In Bihar epi also an amount of about Rs. 9.052 
spent on account of pay and travelling allowances of the field staff sent on loan from Bengal. 
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this has not been included in Table (8/7) as it was an extra-ordinary item of expenditure 
incurred for the training of the Bihar staff. In the same way one item of about Rs. 10,000 
in Bengal spent for giving training to new workers has been omitted. 

224. The total expenditure for the full provincial survey in two seasons in Bengal 
was about 3 lakhs of rupees. The expenditure of Rs. 30.376 for one single survey in 
only two distriets in Bihar was naturally higher in comparison owing to the fact that certain 
preliminary expenses of a non-recurring nature were incurred in the pilot survey, and also 
because overhead costs were proportionately much higher on account of the small scale of 
operations. 


Cost per investigator-month. Dividing the total expenditure by the number of 
investigator-months we get the “cost per investigator-month” in Bihar and Bengal as shown 
in cols. (8) and (9) respectively of Table (8/7). We notice that in Bihar the cost of salary 
of investigators was Rs. 40-5 against Rs. 36 per month in Bengal in 1943-44 ; the proportionate 
share of the cost of salary of inspectors was Rs. 15 per investigator-month in both provinces ; 
the proportionate cost of the salary of chief inspectors was Rs. 6:3 in Bihar against Rs. 9:45 
in Bengal. The total cost on account of salary of field staff was Rs. 61-8 in Bihar against 
as. 60-5 in Bengal per investigator-month. Adding dearness allowance of Rs. 13:5 (which 
includes the allowance not only for the investigators but also a proportionate share of the 
allowance for inspectors and chief inspectors) the tot al expenditure on account of staff salary 
was Rs. 75˙3 per investigator-month in Bihar. The dearness allowance was higher, Rs. 17 
in Bengal ; there was also an additional item of Rs. 3:2 as contribution to leave salary and 
provident fund per investigator-month. The total expenditure on account of salary of 
field staff was thus appreciably higher, Rs. 8077 per investigator-month in Bengal. I 

226. There was not much difference in the salary of the supervising staff, Rs. 5,603 
in Bihar against R.s 6,500 in Bengal. But the per capita expenditure was naturally very 
much higher (because of the small number of investigators) in Bihar, Rs. 36 against Rs.? 25 
in Bengal. Big differences naturally again occured on à per capita basis in expenditure 
incurred for staff at headquarters with Rs per investigator-month in Bihar against only 
R in Bengal. Among other expense: travelling allowance consumed Rs. 18 in Bihar 
against Rs. 10 in Bengal; house rent was Rs 1 in Bihar against Rs. 1-2 in Bengal. Con- 
tingent charges (including pay and allowance of peon) were proportionately much higher 
in Bihar, Rs. 40:5 per investigator-month against Rs. 12-90 in Bengal, again because of 
the small scale of operations. The total expenditure under heads other than salary was 
thus much higher, Rs. 60:6 per investigator-month in Bihar against Rs. 24°10 in Bengal. 
l'he total eost. per investigator-month was Rs. 198-9 in Bihar against Rs. 111:60 in Bengal. 

227. Expenses for crop-culting work. It is of interest to note that crop cutting work 
consumed only 317 pay-days out of a total of 6,700 pay-days in the whole survey. It will 
be remembered that the precision in estimating crop acreage and average yield per acre for 
the province as a whole was about the same. The area survey work thus required about 14 
times more labour than crop-cutting work to attain the same precision in the final results. 
Also 317 pay-days mean about 105 investigator-months. As the overall rate of expenditure 
was Rs. 198:0 per investigator-month the marginal share of expenditure for crop-cutting 
work was only a little over Rs. 2,100. Crop-cutting work is thus not at all expensive. 

EXPENDITURE IN THE STATISTICAL BRANCH 
: 223. The total amount of money received by the Indian Statistical Institute up to 
3186 March 1944 on account of the Bihar Crop Survey scheme was Rs. 61,986 out of which 
Rs. 5,666-1 1-0 was credited as contribution in lieu of the Statistical Adviser's services. 

229. Cost per computer-month. Та the statistical branch also the real unit of measure- 
ment is the computer-month, that is, the work done bv one computer in one month. The 
total volume of statistical work actually consumed for the survey in the rabi season was 
241 computer- months between practically January and. March 1944. This is the net amount 
of time spent by primary computers: on ап average about 50 per cent of additional sta. 
is required for the inspecting and supervising work in the computation section and in office 
and general administrative work. For the portion of the work done before 31st March 1944 
the adjusted rate of expenditure was about Rs. 150 per computer-month made up of Rs. 95:7 
for staff salary (inclusive of pay of primary computers, inspectors, and office and other staff) 
and Rs. 543 for other expenses. ` 

230. It will be noticed that the staff salary per computer-month of Rs. 957 was some 
what higher than Rs. 87:5 per investigator-month in the fold branch in the Benge 
scheme; pro rata expenditure on heads other than salary was also higher, Rs. 54:3 per 
computer-month against Rs. 24-1 рег investigator-month in the field branch. Expenses 
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231. In the Bihar rabi survey scheme the total volume of work in the statistical branch 
was larger than the total volume of field work, 241 computer-months against 15553 investigator- 
months. The cost per computer-month, Rs. 150, was somewhat lower than the cost per 
investigator-month, Rs. 198-9 in the field branch. It must be remembered, however, that, 
so far as the Government of Bihar was concerned, there was also the contribution of 
Rs. 5,666-11-0 in lieu of the services of the Statistical Adviser. If this is taken into considera- 
tion, there would be an additional cost of Rs. 23-5 per computer-month bringing пр the 
total cost to Rs. 173.5 per computer-month. Making allowances for the larger volume 
of the statistical work, the cost per primary worker in the field and the statistical sides of 
the Bihar стор survey scheme was not very dissimiliar. 

232. А good deal of statistical work has also been done 
survey scheme since Ist April 1944, but detailed figure 
able. It may be, however, stated broadly that the 
computer-months consumed upto 3st March 1944 
figure of 300 computer-months give 


atistical side because men with highe 


r qualifications, as also 
phic and other more expensive appa 


ratuses were req u irec 1 


in connexion with the rabi 
8 of cost accounting are not yet avail- 
total volume of work (inclusive of 241 
) has probably exceeded the estimated 
n in the budget, 
SECTION 9. ACCURACY OF AREA ENUMERATION 

233. A good deal of material bol placed in the intensive schemes for special studies 

for the improvement of the technique of 


e crop survey. Some of the results of such special 
studies are given in the present section. It may be mentioned, however, that work is still 


proceeding in certain directions but progress has been and is still slow as a sufficient number 
of men cannot be put on to this work for lack of accommodation at Giridih. 


STUDY OF COMPLETE AREA ENUMERAT 
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235. In certain areas the complete enumeration work was duplicated independently 
inal programme the are: ! 


by a second party of investigators. In the orig а to be surveyed 
in each camp was to be covered in sectors, one sector each being alloted to one investigator 
so that all the sectors would be duplicated in turn in a balanced pattern, Unfortunately, 


owing to unforeseen difficulties, only a fraction of the field programme relating to the second 
survey could be completed. 
COMPARISON BY INDIVIDUAL 


236. Duplicate records were however obtained for 6,188 plots by diffe 
working independently. This material is of considerable interest аз it tl 
on the accuracy with which complete enumeration work can be actuall 
practice by investigators of the present type appointed ad hoc for this pu 
237. Results of a detailed comparison of the two independent enumerationg f the 
same identical set of individual plots are shown in Tables (9/1)—(9/5). In Table (9/1) the 
records have been tabulated in a two-way form. An actual example will make the yrooedure 
clear. Let us consider, for example, table (9/ la) which gives a c arison of the Ai sats ar 
records for 1,855 plots surveyed in thana J amui of district M луг, once between 12th Л. 
24th February and a second time between 25th March, Entries relating 
to the wheat crop have been analysed in this par "he figures 0-anna, ы 
ate estimate of the pro- 
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recorded to have the anna-proportions under wheat as shown in the m anna figures 
in the top row and in the first column. — M | £ 
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column headed ‘0-anna’ and in the row marked ‘l-anna’, we have the figure 7 which 
shows that 7 plots were recorded as having ‘по wheat! in the first enumeration but were 
recorded as having l-anna proportion of land under wheat in the second enumeration. In 
the same way we have the figure 126 in the column headed ‘0-anna’ and row marked ‘16-anna’ 
showing that these 126 plots were recorded as having ‘no wheat’ during the first enumeration 
but were shown as having а 16-anna wheat crop in the second enumeration. At the bottom 
of the first column we have the figure 1,751 giving the total number of plots which were 
recorded to have ‘по wheat сгор’ in the first enumeration. 

239. Let us now follow the first row marked ‘0-anna’ on the extreme left. The first 
number is 1,573 which, as already noted, gives the number of plots shown to have ‘no wheat 
in both enumerations. To the right of this we have the number 13 in the column headed 
I-anna' (and the row marked ‘0-аппа’) giving the number of plots which were recorded as 
having l-anna under wheat in the first enumeration, but were entered as having no wheat 
at all in the second enumeration, and so on. In the '0-anna' row we have in the column 
headed ‘16-anna’ the figure 18 giving the number of plots which were recorded as having 
а 16-anna wheat in the first enumeration but were shown as having no wheat at all in the 
second enumeration. On the extreme right in the ‘0-anna’ row we have the figure 1,637 giving 
the total number of plots which were recorded as having no wheat at all in the second enu- 
meration. 

DISCREPANCIES IN ANNA-ESTIMATE 


240. From the way in which table (9/1a) has been prepared it is clear that if the two 
enumerations were in complete agreement then entries would have occurred only in the 
diagonal cells, that is, in the 0-0, 1-1, 2-2....16-16 cells. That is, the number of plots shown 
to have no wheat would have been the same in both enumerations. The number of plots 
shown to have l-anna under wheat, 2-anna under wheat ete. up to 16-anna under wheat 
would also have been identical in both enumerations. А glance at tables (9/1a)—(9/1£) shows 
that in actual fact this was notso ; and in an appreciable number of cases plots were recorded 
to have different proportions of land under wheat in the two enumerations. As already 
pointed out, among 1,751 plots shown as not having any wheat in the first enumeration, only 
1573 were recorded as having no wheat in the second enumeration ; the remaining 178 plots 
(which were recorded as having no wheat in the first enumeration) were shown to have different 
proportions of land from 1-аппа to 16-anna under wheat in the second enumeration. 

. 241. It is clear therefore that results of complete enumeration carried out by ad. hoc 
investigators of the present type are subject to appreciable mistakes in recording. This is 
fully borne out by the other tàbles-(9/1b)—(9/1f). Considerable variations occur in the anna 
estimates of the area under the same crop made by different investigators. This would not 
have been very serious if the anna estimates had differed by a comparatively small amount. 
For example, the same plot might easily be estimated to have a 4-anna crop of wheat by 
one investigator and to have a 5-anna or 6-anna crop by a second investigator. The position 
as revealed by tables (9/1a) to (9/1) is more serious. We found that plots recorded as having 
been sown completely with wheat in the first enumeration were shown as having no wheat 
at all in the second enumeration. Such discrepancies could have only arisen either through 


a mistake in the identification of the plot or in the identification of the crop, or through the 
work having been fudged altogether. 


DISCREPANCIES IN CROP RECORDS 


242. To investigate the matter in greater detail it was considered advisable to tabulate 
the duplicate records of the same set of individual plots in a different way in Table (9/2). 
Instead of classifying under anna-estimates of the proportion of land under the same crop, 
the material is now classified simply according to the particular crop shown to be growing 
on the plot irrespective of the proportion of land under different crops. Thus in Table (9/22) 
the column headings at the top are simply ‘wheat’, ‘gram’, ‘wheat and gram’, ‘wheat, gram, 
and others’, ‘gram and others’, ‘other crops’, and ‘no crop’ (the last one signifying that the 
plots were either kept fallow or were being used for purposes other than cultivation). The 
same headings also occur in the extreme left against each row. 

243. In this Table (9/2) also, if the results of the two enumerations are in complete 
agreement, then entries would occur only in the diagonal cells, that is, in the cells which 
are marked both ways as being ‘under wheat’, or ‘under wheat and gram’ etc. A glance at 
Tables (9/2a) to (9/2f) shows that quite a large number of entries occur outside the diagonal 
cells. We thus find that, apart from discrepancies in anna-estimates, appreciable discre- 


pancies had also occurred in recording the crops grown on the same individual plots enu-- 
mcrated by different sets of investigators. 
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REPORT ON THE BIHAR CROP SURVEY : RABI SEASON 1943-44 


TABLE (9/2). COMPARISON OF DUPLICATE CROP RECORDS 


Crop records in Crop records in first enumeration 


second enumeration | Wheat | Gram | Wheat | Wheat, Other | No 
| & gram | Gram & Gram & | crops crops Total 
| | Others | others, 
= qu @ | o | w о | o | o 


TABLE (9/22). РотлсЕ srATION Monanta, District SHAHABAD 
PERIOD OF FIRST ENUMERATION : 13 FEBRUARY TO 23 FEBRUARY 1944 


E Wheat [—1 — 5 1 = 1 — 2 
SEX Gram = 20 hus 1 6 1 2 30 
Ег [20] $b 
525 Wheat & Gram 1 — [17] 2 10 5 4 

Ss Wheat, Gram & others — 1 3 [16] 18 2 3 8 
c EE Gram & Others — 31 2 17 [212] 10 13 285 
S S2 Other crops — 8 T 2 6 [111] 38 166 
5 Вә № Crop — 1 1 1 5 8 277] 296 
E е 

EES тош 1 61 24 43 257 138 377 861 


TABLE (9/2b). DisrRicT SHAHABAD 


: 11 FEBRUARY TO 23 FEBRUARY 1944 


POLICE STATION SASARAM, 
PERIOD OF FIRST ENUMERATION 


| 
| 


Wheat 22 = = 2 1 13 z b. 
eS E Gram [22] [=] — a 1 — $ 2 
moo Wheat & Gram 1 1 [1] 3 — 2 E" E 
S i Wheat, gram Ф others 1 — ?3 [98] l 23 2 1275 
3 Gram & Others — — — 12 [8] 5 1 
SS Other crops 6 — 3 15 3 [145] 39 ES 
3 8 => № crop 3 — = 6 2 57 [565] 633 
8 8 0 
AE? Total 33 1 27 136 16 245 615 1073 


TABLE (9/20). 


POLICE STATION БНАНРОВ, DISTRICT SHAHABAD 


PERIOD OF FIRST ENUMERATION : l1 FEBRUARY To 23 FEBRUARY 1944 


d Wheat = = 

B 8 E Gram m [8] == == 12 — 1 21 
ma^ Wheat & Gram = = H = = 1 1 
As Wheat, Gram & others — 1 — [38] 68 2 131 
< 8 5 Gram & others — 7 — 13 [184] 1 25 351 
9.84 Other crops =s 1 = 4 39 [240] 31 315 
BES No crop = 4 = 8 12 93 [667] 779 
— о 

& BT Total = 21 — 58 315 477 727 1598 


244. The two-way tables discussed above show the details of the comparison of dupli- 
cated records for individual plots. A more summary form of the tábulation is, however, 
convenient for a general appreciation of the position. This is shown in Table (9/3a) in which 
the results of the comparison between records obtained during the first and the second enu- 
merations are shown in a condensed form for each camp or centre separately and also for the 
the districts separately, and finally for the two districts taken together. In this Table col. (1) 
gives the name of the camp, and cols. (2) and (3) the dates of the first and the second enu- 
meration, respectively. Со]. (4) gives the number of 0-0 entries, that is, the number of plots 
which were recorded as having no wheat in both enumerations. In col. (5) is given the 
number of plots for which anna-estimates of the proportion of land under wheat was the 
same in both the enumerations. For these plots the two enumerations were therefore in 
complete agreement. The number of plots for which the records of the first and. second 
enumerations were not in agreement is shown in col. (6). The total number of plots com- 
pared is given in col. (7) of Table (9/3a). 

245. Instead of actual numbers, for purpose of comparison, it is more convenient to 
use percentage figures which are shown in cols. (8), (9) and (10). Col. (8) gives the per- 
centage of 0-0 plots, col. (9) the percentage of plots recordéd аз having wheat in both enu- 
merations and finally col. (10) of Table (9/3a) shows the percentage of plots for which 
records in the two enumerations were not in agreement. 
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TABLE (9/2). COMPARISON OF DUPLICATE CROP RECORDS(contd.) 


— . — — 
— — — 


| Crop Records in first enumeration 
Crop records in 5 


" Gram | Wheat Wheat, Gram & Other No 
second enumeration Wheat | & Gram Gram & others Crops Crops Total 
| | Others | 
а) o | G | d | () € | m | mg | uw 


TABLE (9/24). 'ТнАхА Jamur DISTRICT Moncuyr 
PERIOD OF FIRST ENUMERATION : 


12 FEBRUARY TO 24 FEBRUARY 1944. 
52 = Wheat [4] = 6 1 1 47 109 
555 Gram I [24] 4 -— 1 20 00 
з" Wheat & Gram 5 S [12] 4 3 6 33 
ЕЯ 5 Wheat, gram & others — = 4 [1] 4 12 24 
2 as Gram & others 4 1 4 5 [14] 
25 Other crop 6 3 5 9 17 
. $35 No crop 4 9 1 9 26 
Eco — 
& E? Total 24 37 42 29 66 
TABLE (9/20). THANA LAKHISARAI DISTRICT Moncuyr 

PERIOD or rms ENUMERATION : 12 FEBRUARY ТО 24 Frepruary 1944 — 
„© Wheat = — 3 aa MEC S dE 
EG Gram — (| = — — = 1 1 
S42 Wheat & gram = 1 [5] = = = 5 8 
29 Wheat, gram & others 2 = EE E а = 4 5 
€ S Gram & others 1 -— 5 2 Ej 4 14 26 
5 Ba Other crops 2 == 3 1 1 [2] 12 21 
Bie No Crop s 2 5 — І 5 1692] 706 
553 , = : —— 
ae Total 7 4 21 3 " 9 726 772 


TABLE (9/2). THana Goon : 


PERIOD or 


Disrricr Мохснув 


FIRST ENUMERATION : 26 FEBRUARY TO 7 Marcy 1944. 

,$ Wheat H — 2. — 
E zu Gram — ej бй E — = нра = 
9.52 Wheat & Gram 2 x [3] — = = 7 
EZ" Wheat, Gram & others 1 — s —= — РЕР 2 1 
SS Gram & others = = = [1] — 4 1 E 
ie 5 Other crops = — 3H — [+] "s 25% = 

No crops 3 =. М = — i=] - = 
23 = P 2 2 E ] =< 36 
Bes — 4 125] — 
„ ss 5 3 = Я 28 50 

246. 


Looking at col. (10) of Table (9/3a) it will " ч 8 
not in agreement varied from 6 per cent in Lakhisar: 1 the уроп ў 1 
district. The over-all proportion of discrepant, plots was 165 € Hn бош! т МЕ 
13:0 per cent in Monghyr кү à combin 5:0 ut 25 kag in r 
* ОР“ > ^ в P a iC DIU 
taken together. Records of the rations were thug discrepant in some- 
eyed. This is by no means negligible- 


! 22) agreement was interpreted 
proportion of lel under "lend 5 be 
б vay stringent definition. For 
arena ind bis mention and Canti 
ons ОРЕ 0 this definition, considere 
agreement, For example, а plot 


This is, h 
example, a plot recorded as having 5-anna under wh 
under wheat in the other enumeration, would be, 
as discrepant, It is possible to adopt other definiti 
recorded as having wheat in it in both enumerations may be Considered to be į cement 
irrespective of the fact whether the respective anna-estimates were in Pide a had 
differed widely. Thus, according to this definition, a plot recorded ag еніне one un 
under wheat in one enumeration and as 16-anna under wheat in the other cameron aunt 
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be considered to be in agreement. This is the most liberal interpretation of agreement which 
one could possibly adopt. Results of the comparison on this basis are shown in Table (9/3b) 
in which the arrangement of the different columns is exactly similar to that in Table (9/3a) ; 
col.(10) as before, gives the percentage of plots for which the records were not in agreement, 


TABLE (9,3a). PROPORTION OF PLOTS IN EXACT AGREEMENT IN ANNA ESTIMATE 


| Percentage of plots for 


Period of survey Number of Plots Total | which both records are 
Name of E Zero-Zero agree- | dis- No. Sw Р | д 
Camp first second (по wheat ment in | crepancy of plots | Пи not in 
, Survey survey in both anna esti- in anna emma | with | agree- 
surveys) mate estimate РӘС Zero-zero wheat ^ ment 
— дә) | 8 (4) G) ^ (9 m | & j| (0 1! 
District : Shahabad 
Mohania — 13/2— 745 6 109 860 866 O-7 127 
Shahpur 11/2— 1389 6 213 1008 86-4 0-4 — 13:2 
Sosaram — 11/1—23/2 713 39 261 1073 720 3:6 944 
Total 11/2—23/2 25/2—6/3 2907 51 583 3541 82-1 1:4 16.5 
Distriet : Monghyr 
Lakhisarai 12/9949 25/2— 6/3 724 2 46 772 93-7 0-3 6-0 
Gogri_ 26/2— 7/3 8/3—20/3 27 0 23 50 54:0 0-0 46-0 
Jamui 12/2—24/2 25/2— 6/3 1573 4 278 1805 48-7 02 151 
Total 12/2— 7/3 2324 6 347 2077 86-8 03 130 
Two Districts 1/2— 7/3 25/2 —20/3 52231 57 930 6218 84-1 0-9 15-0 


r А о 
lABLE (0/3b). PROPORTION OF PLOTS IN AGREEMENT AS TO OCCURRENCE OF WHEAT 


Percentage of plots for 


= Period of survey Number of plots which both records are 
E of | Zero-zero| h 3 Total 8 у 
amp | first second (no wheat, having wheat in _| No. of in agreement not in 
survey | survey in both | both | only one! plots | With agreement 
| Surveys), surveys survey compared Zero-zero | wheat 
тм (5) (6) (9 (8) (ШЕТ 


Distriet : Shahabad 


Mohania 13/2—23/2 745 42 73 860 86:0 4:9 8:5 
Shahpur 11/ 1389 47 172 . 1608 84-4 2.9 10.7 
Sasaram 11/2 773 915 5 1073 72-1 20-0 7:9 
Total — 11/2—293/2 2907 304 330 3541 82-1 8-6 9-3 
Distriet : Monghyr 
Lakhisarai 79 об - 7 4-7 
: 24 12 36 712 93-7 
Сорт. 27 11 12 50 — 540 24-0 
алаш 1573 40 242 1855 84-70 13-1 
Total Em 63 290 2677 86-8 10-8 
Two districts 11/2— 7/3 95/2— 6/3 5231 367 620. 6218 84-1 10-0 


Which, in the present case, means the percentage of plots which were recorded as а 
in one enumeration but not having wheat at all in the other enumeration. It will 
be noticed that the proportion of discrepancy defined even in this most liberal way was so 
high as 10 per cent. 
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248. Other definitions of agreement intermediate between the two used above are 
also possible. For example, plots for which the anna estimate of proportion under wheat 
agreed within 4-anna may be considered to be in agreement ; or the proportion of plots the 
anna-estimates of which in the two enumerations agreed within $-аппа may be considered 
as being in agreement, and so оп. Results of comparison on the basis of two such definitions, 
with latitudes of 4-anna and 8-anna respectively, are shown in summary form in Table (9 4). 
The arrangement in this table is broadly similar to that in Table (9/3). Col. (1) now gives 
the latitude or margin of agreement. The pereentage of plots for whieh records were 
discrepant (according to different definitions) are shown in col. (8) of table (9/4). 


TABLE (9/4). SUMMARY OF COMPARISON OF DUPLICATE 


RECORDS OF PLOTS UNDER WHEAT 


Latitude of Number of plots Total No, Percentage of plots 
comparison | in agreement — = not in of plots in agreement, not in 
| Zero-zero | with wheat agreement | compared  ' Zero-zero with wheat agreement 
| и ШЕ 
ТИШ ШШЕН ssl ts 6) 7) (5) 
l-anna 5231 57 930 6218 84-1 0-9 15:0 
4. anna 5231 164 823 6218 84-1 2.6 13.3 
8-anna 5231 239 748 6218 84-1 3:9 12:0 
_16-аппа 5231 367 620 6218 84-1 5:9 10.0 
249. For facility of comparison, results 


2 f of the comparison with the 
definition (that is, agreement within l-anna) and the most liberal de 


only in the presence or absence of wheat, that is, with a latitude of l6-anna) are also shown 
in the same table (9/4). e notice that with the most stringent definition (req uirin ; com- 
plete agreement in the anna-estimate) the over-all proportion of discrepant te n 15 
per cent. Allowing a latitude of 4-anna, this is reduced to 13:3 per teni: ani allowing а 
latitude of 8-anna, to 12 Per cent. Using the most libe Mee ап i icr 
presence or absence of wheat Irrespective of the estimate ion of ar d E » i i -— 
the number of discrepant plots is 10 per cent which is still not negligible E р 
sults 4 ` р 

tions had differed in the case of wheat from 10 es 15 per aoe plot-by-plot senumas 
surveyed. otal number of plots 


most stringent 
finition (agreement 


COMPARISON 

250. So far the records of the 
individual plots. A second procedure 
under wheat (or under any other crop 


IN TERMS ОЕ ACREAGE 
two enumerations 
ns have been с i | 
two o Omara “rms 
je lec: op — mpared in terms of 


i А arison of the total area 

ina " au E le total are: 
ion Results on thi is ) any given area as recorded in the two e ora- 
tions. vesults о: 1S acreage basis of comparison are s € two enumer: 


gives the name of the police stations, and co]. (2) the Ju (9/5) in which col. (1) 
village. Col. (3) gives the area in acres under wheat, as recorded |, st Serial number of the 
bolically represented by W,); and col. (4) the corresponding У the first worker (sym- 
the same village as recorded by the second investigator (WaS : ntered under wheat in 
line of the table that in police station Sasaram, J. L. No. 19] the aps cune find from the first 
as 3.90 acres by the first worker, but the second worker did iof m oues Wheat was recorded 
particular mauza. In the same way, in the second police Station nd any wheat at all in this 
under wheat was recorded as 2:9] ‘acres by the first and 864 a I L. No. 122/1 the area 
respectively. eres by the second worke 
251. The actual magnitude of the discrepancy is shoy 

and (6) of Table (9/5). Any area which is record 
but not in the second may be called a positive 
recorded as having no wheat in the first enumerat; 
meration may be called a negative discrepancy, 
d negative discrepancies (defined in the Way ex Sa s 
(6) respective г of Table (9/5). For example, © e . cols. (5). and 
discrepancy is 3-90 acres. In the same way in Sasaram J. Ll. Wo 122 the positive 
discrepancy is 0.87 acre which means that this amount of land was recorded [1 the pue 
wheat in the first enumeration but not having any wheat in the id on. as being under 


area e 
т 


ed to have MM next two columns (9) 
Hat in the first enumeration 
On the other hand, any area 

cat in the second enu- 


Acres with positive 


1 А i Second er —: "ha 
negative discrepancy in the same case was 6°60 acres which wag the area a — he 
under wheat in the second enumeration but was recorded аз h. НЕ 


aving 


à no wheat in the first 
enumeration. 
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| 252. The next two cols. (7) and (8) of Table (9/5) give the sum of discrepancies in two 
different ways. If we add positive and negative diserepancies retaining their algebraic 
signs we get the algebraic sum shown in col. (7) In this procedure we allow the positive 


TABLE (9/5). COMPARISON OF CROP RECORDS IN TERMS OF ACREAGE : WHEAT 


REEL... — ——ñ mil idit . ͤ E peque 


| Discrepancies as 


Б Area in acres | Actual discrepencies | Sum of discrepancies percentage of esti- 
Namo of J. L. No | estimated by | (difference between | algebraic accumulated) mate by first 
Police | first second | two records) (counting! (neglecting worker 
Station | worker | worker | positive | negative sign of | sign of , accumu- 
| |o | wa | difference | difference) |algebraie, lated 
m | uw I a | wu | m (6) m | в | e | ao 
Mohania 10-22 9-06 2-08 7-33 12.04 66-52 
61-94 8-17 14-91 —6-74 23-08 41-81 
18-64 9.22 5.69 3-53 — 14:91 67.25 
1-09 0.79 0.10 0.89 0-89 50-00 
Total 97-25 91:89 98:14 22-78 5:36 50.92 5-51 52:36 
Shahpur 146 — 7-26 — 7:28 — 7:38 7:38 —100-00 100-00 
147/2 7-86 4-50 4-97 1-61 3-36 6-58 44.55 86:36 
Total 7:86 11-78 4:97 8-80 — 3-92 13:86 —50-00 180-91 
Sasaram 3-90 — 3-90 3-90 3-90 100-00 100-00 
2:91 8-64 0:87 6-60 — 5:73 7:47 —196-91 256.70 
2.78 — — 2-78 2.78 100-00 100-00. 
17-98 16 -22 2-07 1:76 5-90 9.79 — 3281 
21-68 11:31 0-90 10.37 12-17 47:83 3613 
26 13-64 6-03 — 4.38 7-68 —47.30 82-94 
74:22. 04-17 32.25 —10-95 44-55 —26-88 60:02 
Total 132.73 143-98 36:60 47.85 —11.25 84-45 — 8-48 63-63. 
Lakhisarai 125/1 6-39 6.59 4.60 4:80 — 0-20 9-40 —3-13 147-10 
Gogri 825/1 13-79 11-66 6-51 4-38 2.13 10:89 1545 78-97 
Jamui 10% 4-5 T. 1-87 465 — 2-78 * 6-52 3853 187-26 
10/2 16-84 6- 12 -07 1.55 10:52 13-65 62-47 80-80 
20 5-43 3- 4-86 3.29 1:57 S-15 28-91 150-09 
22[2 0-83 14-6 0-83 14:60 | —13-77 15-43 —1051-07 1859-03 
Total 27.85 32.31 19.63 24-09 — 4-46 43-72 — 16:01 150-99 
АП Police Stations 285.87 208.21 100-45 112-79 12.34 21324 432 74-59 


and negative errors to cancel out as far as possible. In Sasaram J. L. No. 122/1 we had 
а negative discrepancy of —6.60 acres ‚ adding the positive discrepaney of 0:87 acre we get 
an algebraic sum of -5:73 acres which is the net discrepancy in the final result, A second 
procedure is to add the positive and negative discrepancies ignoring their signs. In Sasaram 
J. L. No. 122/1 we then get 6:60--0-87 — 7-47 acres shown in col. (S). 

253. For convenience of comparison these two discrepancies are converted into per- 
centages of the area under wheat as recorded in the first enumeration as given in col. (3) 
of Table (9/5). The percentage algebraic discrepancy is shown in col. (9); and percentage 
absolute or accumulated discrepancy in col. (10). `The algebraic percentage discrepancy is 
naturally smaller because the positive and negative errors are allowed to cancel out in this 
case. But, for individual mauzas even this algebraic discrepancy can be quite high. For 
Police stations , some of the positive and negative errors for mauza as а whole again have the- 
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chance of cancelling out and the percentage algebraic discrepancy naturally becomes still 

^ smaller. But here also we find in Sasaram algebraic discrepancy of 8-48 per cent or in. Jamui 
—16:01 per cent and so on. For the total material further compensations between positive and 
negative discrepancies would occur, but even then a residual discrepancy of + 4:32 per cent 
had still remained. 

254. The absolute percentage discrepancy , on the other hand , is based on the 
mulated total positive and negative errors which are not permitted to cancel out. In one 
sense, this is a better measure of the real magnitude'of discrepancies in the two enumerations, 
For the whole material relating to wheat we notice that it was во high as 74:59 per cent. 


accu. 


255. Similar results of the comparison of the area under 


й gram are given in Table (9 6) 
in which the arrangement of the columns is e 


xactly the same as that in Table (95). 


TABLE (9/6). 


CoMPARISON OF CROP RECORDS IN TERMS OF ACREAGE: GRAM 


Actual discrepancies Diserepancies as per 
(difference between Sum of centage of estimate 
two records) | discrepancies by first worker 


Area in acres 
estimated by 


Name of first second | © | algebraic /nccumula- _ 
Police J. L. No | worker worker (counting ted (neg- 
Station | (wi) (wa) positive | negative | sign of | lecting algebraic accumu- 
difference)! sign of lated 
| | difference) | 
а) (2) (3) | @ | @ ' e I m | m | @ | 10 
Mohania ec. Le es а We вй ap r3 
535] 6. 130 :67 2 648 15-74 — 28-70 10-75 10-60 
. 535/2 140-19 121-54 2 ; а 
5352 19 12154 247. 6:08 18-65 30-81 13.30 21.98 
- 537 19-20 18-65 2.32 1.77 0.55 4-09 2-86 — 21-30 
———— O NE LL 
Total 419-78 39144 60.99 31.88 28.34 — 92.10 6.75 — 21-94 
Shahpur 158 — 2916 06:00 Waes чу вла 6: 
7/9 А 58 - 5 5 13-14 `6 5-06 
Lema. 39580 ш — 19:75 ча 40 28 46 E 58 з 
_ Towel _ № п мый 3948 Пи р "ERE Е ee 
Ее 121 113-03 13-02 102-97 тоз 109.0] 15; 4; сы шы 
122/1 1-03 5759 002 55.55 80 бб к CAE ЖИ 
J Р ; 28 —55. оО 
m mn — pR v om "a meg 
139. им 13241 зм — 444 _ 10323 093 10000 100-00 
140 50 — 3-96 1:898 Q.gl 1.06 148 11-96 03-88 
МП — 4540 — 28-92 56 в 1748 4 ES i a Rm 
"| 62 осо 
Total . Wiis ав боз шил 34-78 115-10. 
= à Б. 
Lakhisarai 125/1 9.97 9.63 6-76 6.42 0-34 1348 3 20 
3. 3441 132-2 
Gogri 325/1 1-33 3-09 0-36 249 шд 
1.76 2-48 -132.33 186-47 
Tami 10/1 8-99 12-42 3-05 6-48 — 3. E 
10/2 12-46 14-02 2.96 455 — га 2:53 —38-15 106-01 
20 1491 2% 14-08 1.38 12.00 1541 12:02 — 60-03 
322 — 4:90 — 9:94 038 алт 4 $430 0 1 ES 
Total 41:26 — 38.04 20-37 1718 322 
Я 37.52 7-80 90-94 
АП Police 
Stations 730.28 63615 243-73 149-60 94.13 393-33 


12.89 58.86 
Here we find that the over-all algebraic percentage discrepancy was 19. 
absolute or accumulated discrepancy 53:86 per cent. У was 12:89 percent and the 
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256. For convenience of reference the results for each police station are given in a more 
condensed form in Table (9/7). From col. (8) of this table we notice that the algebraic percen- 
tage discrepancy varied from —50:0 per cent in police station Shahpur to —3:1 per cent 
in police station Lakhiserai with an over-all net discrepancy of--43 per cent for wheat. 
The net discrepancy varied from —132-3 per cent in Gogri to -- 2-2 per cent in Shahpur with 


« 
TABLE (0/7). SUMMARY OF COMPARISONS OF DUPLICATE CROP 
RECORDS IN TERMS OF ACREAGE : WHEAT 


Estimated area Sum of | Percentage disere- 
Number of under crops | discrepancies рапсу m 


" in acres in crop acreage crop acreage 
Name of (= — — v nd | 
ЕШ ў | algebraic accumula- | algebraic | accumula- 
во villages plots | first second | (counting ted (neglec- (counting ted (neglec- 
| Survey | survey sign of ting sign of sign of ting sign of 
| | | difference) difference) difference) | difference) 
(1) | ә IE | > Г F | = EE W 9 
——— ГЕ № | Jm аа NS) (9.5 
Area under wheat in acres 
Mohania 4 s60 - 97.2 91.9 + 5˙4 50-9 + 5:5 524 
Shahpur 2 1608 7:9 11-8 8.9 13-9 —50 -0 180-9 
Sasaram 7 1073 132.7 144-0 -11-2 S44 — 8-5 63-6 
Lakhisarai 1 772 “6-4 6-6 == 0-2 94 — 31 147-1 
Gogri 1 50 13-8 11-6 424 10-9 +154 79:0 
Jamui 4 1855 27-9 32.3 — 4.5 43.7 —16-0 157-0 
Total 19 6218 285-9 298.2 4-12-3 213.2 +45 74-6 
Area under gram in acres 
Mohania 4 860 419-8 391-5 428-3 92-1 + 6-8 21:9 
Shahpur 2 1608 79-0 772 +17 420 + 2:2 53-2 
Sasaram 7 1073 179-0 116-7 +62 -3 206-0 4-34 :8 115.1 
Lakhisarai 1 772 90-0 9.6 6-4 13.2 + 3-4 132.2 
Gogri 1 50 1.3 Sum. mp8 2.5 —132˙3 186-5 
Samui 4 1855 41-2 38-0 + 3:2 375 +173 90-0 
Total 19 6218 730.3 6361 — --94-1 393-3 +129 53-9 


an over-all value 


their signs) were 
to 180:9 per cent in 
varied from 21:9 per ce 
of 53:9 per cent for gra 


mu 


of + 12-9 per cent for gram. 
ch higher, 


The accumulated discrepancies (neglecting 
and varied from 52:4 per cent in police station Mohania 
ahpur with an over-all value of 74-6 per cent for wheat. The values 


t in Mohania to 186-5 per cent in Gogri with an over-all discrepancy 
m. 


PART 3. GENERAL REVIEW AND SUMMARY 
SECTION 10. GENERAL REVIEW OF METHODS FOR THE IMPROVEMENT OF 
CROP STATISTICS 
257. Agricultural statistics in India especially in the permanently settled provinces 
like Bengal and Bihar have been known for a long time to be thoroughly unreliable, 
MacDonnel had complained in 1876 of ‘a great want to an administrator in Bengal (which at 
that time included Bihar), the want of agricultural statistics’, (Report on the Food-grain 
Supply of Bengal and Bihar, introduction, p.iii). Since then nearly half a century has passedand 
the subject has been reviewed over and over again. The Royal Commission on Agriculture 
(1928) under the chairmanship of Lord Linlithgow was of opinion that existing agricultural 
statistics “ате admittedly often mere guesses and not infrequently demonst rably absurd 
guesses” (Report, p.605). DE-A Ts, Bowley and Mr. D. H. Robertson were of opinion that 
"the annual statistics of area are almost worthless” (Report on a Scheme for the Economic 
Census of India, 1934, pp.35-39). The Bengal Paddy Enquiry Committee (1938) fully 
endorsed these views (Report, Vol. 1. P. 88). The Bengal Land Revenue Commission (1940) 
observed that “no dependable statistics existed in Bengal. .. to show the yield of the 
various crops” (Report, Vol. 1, p.76). 


258. Although the need of improveme 
nized, no definite action, 


1937 for the improvement 
taken for al ong time. 


nt of crop statistics has be 
except the five-year sample survey ве 
of Jute forecasts and later exte 


en always fully recog- 
heme in Bengal initiated in 
а паса to the paddy crop, had been 
; The acute food crisis in Bengal in 1943 and general food 
shortage in North-East India under war conditions, however, brought things to а head ; and 
large schemes have been and are being sanctioned by Provincial Governments as well as the 
Government of India for the improvement of crop statistics. It would be useful therefore, 
to give a general review of the subject with special reference to permanently sett led provinces 
like Bengal and Bihar in the light of the experience gained in the course of the work on the jute 
ип ры ad crops in Bengal from 1937 to 1943 and the pilot survey of rabi crops in Bihar in 


259. Subjective and objective methods. 
broadly classified into two groups, namely, (a) su 5 Р 
іп олы and Bihar have been so far i d ed or (b) objective 
officers supply estimates of crop acreage and what is called the 
from a general subjective appreciation of prey 
culated by the formula, area x stand: 
Marketing of Wheat in India’ (Government of India, 1937) it 1 . In. 

In the temporarily settled areas Where Ms ee |. мо... 2 . — 
is revised periodically, e.g., the Punjab, the United ona men | к ana 4 ү — 5 
namely, area, is known with reasonable accuracy. тре 8 — ns he firs ] 5 7а 
standard yield, is not known with the same degree of M E tanton fr. een 
based on old and doubtful data. The effect of seasonal pem op 15 та 
cult to gauge as under the present system reliance ig 5 —.— 1 don is the mos are 

local p Е chaukidar or thanadar? 5 on the opinions of t 

"The estimate of standard yield is understood to ге 'esn 
average soil in a year of average character as deduced f а, Average outturn on 
from experiments made up to th le ir 


: formation obtained 
A Ө iew, ea rom 
time to time in the standard figures, . ... i Revisions are made fror 


‘There is no revenue staff in the districts of premanent] 
timating the 
ttled areas.’ 

he Report States 
aced on estim 


Official forecasts 
subjective method. Local 
‘condition factor" for outturn 
Ons ; and the tota] produce is cal- 
ition factor, In the ‘Report on the 


У settled 


provinces in Bengal 
correct зе 


asonal faetor are much 


P-10) ‘the general opinion 
ates based on primary material 
260. Under existing conditions official forecasts based on th 
called, the reporting, method have been usually under-e this is due to a Joss ontott 
to the natural desire of the cultivators to make an towards г ет = mn pu 
under-estimates would help in keeping down assessment of revenue in the КЕПТЕ 
settled areas and also in maintaining higher prices generally everywhere, 


к € subjective ог as it is often 
stimates, Т * 


Crop estimates Je. 
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261. Objective methods. In objective methods estimates of crop acreage would be based 
on actual physical examination of growing crops and estimates of yield per acre on 1 
crop-cutting experiments. In this method the condition factor would be тыж) у 
eliminated, and the annual production would be directly caleulated each year by the epi 
area x rate of yield per acre. Scientific opinion for а long time has been agreed that 1 5 
objective (or survey method as it may be called) is to be preferred to the subjective or re- 
porting method. 


THE AREA SURVEY 


262. Complete enumeration and sample survey. Sofaras the area survey is concerned 
two different procedures are open, namely, (а) a complete enumeration or (b) a sample survey. 
In the complete enumeration a complete inventory is prepared by actual physical examination 
of each individual plot showing the proportion of land under each crop in each plot. In the 
sample survey similar records are prepared not for all plots but only for a comparatively 
small number of sample-units located at random over the area under survey. Each method 
has its advantages and disadvantages. It is not possible to give a categorie verdict in favour 
of one or the other. In fact, a combination of the two methods, where this can be arranged, 
may offer the best line of advance. 


263. Comparative merits in the abstract. The three basic factors which have to be 
considered in this connexion are (1) the nature of the information, (2) precision of the. results, 
and (3) cost of the operations in two methods. Auxiliary administrative consideration may 
also be important. It will be useful to start with a brief statement of comparative merits 
of the two methods in an abstract form. 


264. Nature of information. The complete enumeration (if it can be carried out with- 
out mistakes) would give not only the total area under any particular crop in the province 
as a whole but would also supply fullest possible information regarding crop acreages separately 
for districts, sub-divisions, police stations, individual villages, or even individual plots. 
In wealth of detailed information the complete enumeration thus represents the highest goal 
of statistics. The sample survey on the other hand can only supply over-all estimates for 
comparatively large areas like the province as a whole, or individual districts, or even 
possibly sub-divisions, but not for thanas or villages unless the cost is to be disproportionately 
high. In fact the more detailed the information required the higher will be the cost їп the 
sample survey. 

265. Margin of error. The total margin of error is made up of three different kinds 
of compo «ents, namely, (a) sampling errors due to fluctuations from sample to sample ; 
(b) record +x errors arising from mistakes in the preparation of erop records or at other stages 
of the work ; and (c) margin of uncertainty or variation arising from physical factors. In the 
complete enumeration the first or (а) sampling errors cannot occur. If we ignore (b) recording 
Or (c) physical errors, then the results of a complete enumeration are theoretically perfect. 
In the sample survey, on the other hand, the results can never be perfectly accurate. A 
certain margin of error is inherent in the sampling method because of the fact that the esti- 


mate is based not on the entire universe but only on a comparatively small fraction of it picked 
up at random. 


266. Cost of operations. Against this, the cost of a sample survey and the labour 
required are comparatively small. For example , for Bengal , it has been found that a sample 
survey can give an estimate of the total area under a crop like jute for the province as a whole 
with a sampling error of something like 3 per cent at a cost of about one tenth or one-fifteenth 
of that of a complete enumeration. In the abstract , the choice between complete enumera- 
tion and sample survey thus depends purely on what information is desired to be collected 
and what price one is prepared to pay for the same. 


EFFECTIVE ACCURACY 

267. Recording errors. Tt is however not possible to ignore the recording errors. 
Mistakes always occur at the stage of recording the anna-estimate of the crop (and also at other 
stages of the work) in both sample survey and complete enumeration. These arise from 
chance errors of observation, and also from what is often far more serious, gross пер двое 
or dishonesty on the part of the investigators. Experience in Bengal has shown that such 
recording mistakes are in practice more important than sampling errors. 
Е 268. During the last 7 years we arranged for certain compact areas being s is 
in detail independently by two (ог some times three or more) sets of investigators. In thi 
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$ in duplicate inde endently by different sets 
тыу a orgs kg. о d tf аа и vec tue wn showed large discre- 
E e entries made by different investigators for the same identical plots. 
3 eei for Bengal has been discussed in various reports submitted tothe Indian Central 
Jute Committee and the Government of Bengal ,and also in à memoir on Large Seale xo 
Surveys in the Phylosophical Transactions of the Royal Society, Vol. 231, No. 584,1944. The 
proportion of plots for which the records were discrepant was often so high as 
269. In Bihar, in the rabi season of 1944, with invest ig 
(plus cost of living and travelling allowance 


201030 percent. 


ators receiving Rs. 40. - per month 


$ on usual scales) and working under close super- 
vision, we found in Section (9) that the proportion of plots for which records in two successive 


enumerations were discrepant varied from 10 per cent to 15 per cent of the total number 
of plots surveyed depending upon the stringency of comparison. 
found that, even when positive and negative e 
residual error was quite appreciable. The absolute 
positive and negativ: 
per cent for gram a 
that the results of 


or accumulated diserepaney (when the 
cel) was surprisingly high and over 54 
at as shown in Table (9 5). We thus find 
as carried out under existing conditions 2h 
ely free from errors but are subject to appreciable 
accidental errors or gross carelessness and shirking 
of work on the part of the field staff. . 

he results of a complete enumeration 
* results requires consideration. In this 
d of compl ati om a great disadvantage, Once any 
i $ e is no possibility short of a repetition 
tect it. It is therefore not possible [mm of А — ииип 
ate of the margin of error of a complete enumeration, 
271. Scientific control її the sample survey. The sample survey st 
different footing. Fluctuations in the results must Occur in the gam 
the fact that a fraction and not all the units are included in the 


fluctuations make it possible (by methods based the theory 
еы сур - Y sed on the the огу 


argin of error of the final result 
scientific method. The sample survey can thus su 
under a given crop but also the margin of e 
this purpose is, of course, that all sample-uni 


up purely at random. Additional contro] 
duplieated enumeration of grids can also be 
It is, of course, not possible to guarantee t} 


à complete enumeration ther 


ands on an entirely 
sample survey owing to 
survey. But these very 
of probability) to calculate 
This is a distinet advance in 
pply not only an estimate of the acreage 
tror of the estimate, The prime necessity for 
ts which are actually Surveyed should be picked 
s such as the interpenetratiny sub-samples or 
as provided аз explained in Trevious sections. 
this must ultimately depend on the reliability Ep geld V Would give аша pst 
provided in such a way that if a sample goes Wrong then 12200148. Б паа. ean. БЭ 
272. Physical error. Tt would be useful at this stap E vA nasi d 
the margin of uncertainty due to physical causes Th aga to consider what I have calle 
mathematical quantity which is fixed throughout the saa, Lua — 
new fields till quite late in the season ; plants dic for lag i , 
or animals. The total area under any crop thus vari m dan in Or are de 
hour throughout the стор season. The area harves 
depending on the limit of accuracy with which th 
example, there is a good deal of uncertainty 
daries between fields). Sir John Hubback inl 
and Orissa" (pp. 9-10) discussing the h 
gu eM excludes the fie 
the fields at a cadastral survey 
cropped area of the year, this 


stroyed by pests 

or even from hour to 

yai A ror 
4 Sical margin of ert 

© are; А Eg | 

т the aan es 5. field can be determined. Fol 

"s pet ао ails (fiel ridges serving as boun- 
* g for Rice Yield in Bihar 


О, ШШШ. с. cesar LE i fim ; E 1 К 
determination of the area occupied by ridgeg m p 1 No very rig ome: 
appear to vary beetween nearly 1() per cent in à hilly c et been made, but it wot 

2 per cent in level country, 


It is usually taken T per iy 5 se 

His. The weight of harvested crop itself is subject to flu t ii sical 
causes. For example, the weight of wheat depends on the h cations due to physic 
according to the “Report on Marketi o 


7 : k umidity of tł sphere ; 
ng of Wheat in India” y of the atmosp : 
may be about “1 per cent between the time the Wheat (р. 215) ‘the natural shrinkage 


Р. à : is harvested. he 

monsoon”; the gain in weight during the monsoon may be 1% or 90 ы the onset T и 

regions even “ав much as 5%, by the end of September”, Whatever be ae of the 
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= boa esr. — a good many factors of variation come in at the stage of 
aon 3 € m winnowing under actual conditions of work in the cultivators' 
ind MR E ү s. n considering utilization of the erop other uncertainties are brought 
3 ras loss during cartage and storage (due to vermins, insects, fungus etc.), wastage in 
BOURSES and cooking or even as food. ed j Г 
118 Pe SA = — ошу @ор acreage or crop outturn but every physical quantity has 
Uline Mb dT — . gel For example, the weight of say a grown up man is not some- 
part, dscns . = H 1 changes when he takes food or a drink of water, or even when he 
"rw. d E Hn i Pi is вашу meaningless to try to give the weight of an adult human 
which it is ое) i sy g mire: In the same way, there must be a certain limit beyond 
Ue the bete Pas yn aning e to go in estimating the acreage, the rate of yield per acre, 
ИО eber oam s ite Е s the сава of wheat or paddy, the uncertainty due to purely 
en due to Xni scarcely less than 2 or 3 per cent. To try to reduce the margin of 
o sampling fluctuations below this physical limit is, therefore, meaningless. 


THE PATWARI SYSTEM 
т ; 
above has a mporarily settled provinces. The lack of aceuracy in primary field work discussed 
as however reference only to work under existing conditions in Bengal and Bihar. 


1 have r infi i 

4 10 information regardir i i i i 
i E ig the accuracy atte ы гасисе the PORE, | 

mace by patwari 2 Е a acy attained in practice in the acreage na 

ete. 


It is н ay pap temporarily pna provins like Madras, Punjab, United Provinces 
and it is quite conceivable that this it 80 Е 3 dA que by жые are fairly reliable, 
important link between the village and the Gover wn ibn — kosten а 
he is indeed a man of importance in the ille е ü d reyes н me land Ur och 
that in practice the Gite i afte Ae and enjoys gregi social wee we 0 47: 
cultivators and cultivation’ candi еш ELSA pid pared by the village patwaries are i ae 
fore much Mare 1 soy VE WATS than estimates made by ad Лос investigators employe 
from season to season. ` 

276. There is also a second factor of importance. 
keeping down estimates of production to as low a level as possible for a variety of reasons. 
In temporarily settled areas there is the question of periodic revision of rent ; a short crop 
is more likely to keep up prices; there is the natural tendency to be conservative ш esti- 
mating chances of gain, of not tempting providence ; and so on. The Government of the 
province, on the other hand, is interested in collecting as much revenue as possible ; and 
the patwari, as the representative of Government, is interested in increasing his crop estimates 
to as high a level as possible. It is the balancing of these two forces in opposing directions 
that make the patwari keep to some kind of middle truth. 

277. Permanently settled provinces. In permanently settled provinces like Bengal 
and Bihar the patwari system does not however exist. То appoint a large number of ad hoc 
investigators, and to give them the name of patwaries would not and cannot immediately 
create a pahwari system as it exists in the temporarily settled provinces. The ad hoc inves- 
tigator would not have, at least in the beginning, the social prestige of the real patwart. He 
would not have and cannot immediately acquire the same intimate knowledge of village 


conditions. Finally, the ad hoc investigator would not have any connexion with the col- 


The cultivator is interested in 


lection of revenue so that the inter-play of opposing forces noted above would be ре 
in the permanently settled provinces. ` 
278. In this situation it cannot be expected that an ad hoc staff of ix 


ivestigators would 
be capable of supplying сгор estimates with as much reliability as real patwaries. This does 
not mean that in the course of time a real patwari system cannot be built up in either Bengal 
and Bihar. Four conditions are however essential for success. First of all, workers (what- 
ever they may be called) must be given practically permanent appointments as m 
Government would not have any hold on them ; and the quality of work would be doubtfu а 
Secondly, they must be given an adequate salary ; it is well known that men on daa e y 
like village chowkidars cannot be relied upon to collect accurate information. hird y: 
the number of patwaries must be sufficiently large to be able to do the work in an аде е 
manner. Finally, they should be associated with responsible Government work ue d 
the preparation of erop estimates. Linking with the revenue system would of coume А 195 
desirable thing; but, as long as the Permanent Settlement is in existence, this шау 1515 55 
possible. Other suitable work of sufficient importance and prestige should theretor 


3 T t 
allotted to make the patwari an important link between the village and the Governmen 
of the province. 
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in each season ; and that enumeration of areas in which sowings have not been completed 
would necessarily lead to under-estimation. The area survey work cannot therefore start 
in any region until sowings have been practically completed. 1t is also clear that area enu- 
meration would again become unreliable after harvesting has started. The effective time 
for area survey work thus lies between the completion of sowings on one hand and the begin- 
ning of harvesting on the other. The net time available for area enumeration would not 
therefore be 12 months but appreciably less, possibly about 7 or 8 months in the year in each 
region. Even a wholetime worker would thus be able to do area survey work for only from 
210 to 240 days in the year. : 

287. Now in both Bengal and Bihar our experience has been that it takes on an average 
about 10 investigator-days of work for the complete enumeration of plots in one square mile. 
On this basis, each Union with an area of about 10 or 12 square miles would require about 
100 or 120 investigator-days of work in each season, or from 300 to 360 investigator-days 
of work for three seasons per year. One investigator per Union is thus not sufficient for 
complete enumeration work. “It is worth noting that in the original form of the Bengal 
Scheme the proposal was to employ only one local investigator in each Union ; but in the revise 
scheme, as already noted, two local investigators would be employed in each Union so that, 
so far as the number of investigators is concerned, the staff would not be inadequate. 

288. Pay of investigators. The real weakness to my mind lies in their pay and status. 
Although the annual salary of Rs. 100 is called a ‘retainer’ in the Bengal scheme, and it is 
stated that the patwari would be “permitted to follow his own pursuits subject to the 
exigencies of the crop census work”, in practice he would have little time left to do other 
work. The real question then is whether a pay of Rs. 100 per year would attract the kind of 
person who can be relied upon to do the сгор census work with the requisite accuracy. For 
reasons already explained this appears to be doubtful. и 

289. Part-time inspecting arrangements. Adequate inspection and supervision of the 
primary field work indispensable for success. In the Bengal scheme this is intended to 
be done by the part-time services of the Jute Regulation staff. This may be feasible in the 
off-season when they are not busy with jutelicensing work ; but it would be difficult tomanage 


this work during the licensing season and at the time of the checking of the licensed area, 
which means roughly during 6 or 7 months in the year. The plan to get the inspecting work 


in the complete enumeration scheme done by the part-time help of the Jute Regulation 
staff may, therefore, turn out to be another weak point in the scheme. 

290. Independent cost. If a separate inspecting staff has to be provided the cost would 
come to roughly fifty per cent of the cost of the primary field staff or say about six lakhs of 
rupees. Th total cost of a scheme like the one sanctioned in Bengal with an independent 
inspecting staff of its own would be thus something like thirty lakhs of rupees per year. 
If the village investigators (or patwaries) have to be paid not Вз.100 per year but a higher 
salary then the cost would be much greater. For example, if they are given. Rs. 25 per month 
or Rs. 300 per year the additional cost would be 24 lakhs of rupees, or including inspecting 
cost at a proportionately higher rate say 30 lakhs of rupees. At 1944 level of wages and 
prices the independent cost of a scheme of complete enumeration like the Bengal one may 
thus easily come to about sixty lakhs of rupees per year. In any ease, if work is done as 
in the Bengal scheme the cost would be about twentyfour lakhs of rupees per year. To have 


anything cheaper may mean that the information gathered would be unreliable and not 
worth collecting. 


OUTTURN OF CROP 

291. We have been considering so far the problem of the area survey, i.e. of estimating 
the crop acreage. There is also the problem of estimating the outturn per acre (and. hence, 
by multiplying with the area, the total production) of the crop. Under certain conditions 
the determination of the yield per acre of a given crop is much easier than estimating the crop 
acreage ; it is also much less expensive. 


` HUBBACK'S EXPERIMENTS IN BIHAR : 1923-1925 

р 292. The subject of crop-cutting experiments has received а good deal 
in recent years. The basic principles were, however, established nearly 20 years р К 
by a series of experiments (which truly deserves to be called classical) carried out in Bihar 
by Sir John Hubback between 1923 and 1925. Не gave an account of his work in à bulletin 
on ‘Sampling for Rice Yield in Bihar and Orrissa’ published by the Government of India in 


| 1927. Ву direct experimental studies on an extensive scale he showed that by an expendi 
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or the standard deviation of the whole set of samples...... Technically speaking, 
there is very high correlation between the individuals of such groups of samples, 
which makes the ordinary rule, that standard deviation of the mean was the 
standard deviation of the population divided by the square root of the number 
of samples, quite inapplicable’ (p.9). 


This has been fully confirmed by the work of Yates and others already cited in Section 6, and 
also by our own work on the jute and paddy crops in Bengal. (It is worth noting that 
Hubback had also recognized the departure of the standard deviation of the mean from ‘the 
inverse square root’ rule long before other workers). 

207. Precision of results. Hubback had given considerable attention to the precision 
of the results. He had carefully studied the frequency distribution of the sample-yields and 
found that the standard deviation varied from 4 maunds to 12 maunds per acre (with an aver- 
age value of about б maunds рег aere). Hubback pointed out that with 240 cuttings the mean 
yield of a tract (of about 1000 sq. miles) would be out by only one maund per acre in only one 
case out of twenty. Аз each district would consist of about 4 such tracts the above margin 
of error would be reduced from one maund to about half а maund per acre for individual 
districts ; and with 16 districts, the margin of error of the mean yield for the province as a 
whole would be reduced to about one-eighth of a maund or five seers per acre. 

298. lt is easy to express the same results in the form of percentages. From Hubback’s 
data I find that the coefficient of variation for different nds varied mostly from 30% to 
60% with an average value of about 43%. Accepting 4394 as a representative figure, we 
find that the margin of error would be about 5% or 6% for the mean yield of tracts of 1000 
sq. miles each ; 2% or 3% for the mean yield of individual distriets; and less than one per 
cent for the mean yield of the province as а whole. 

299. It is of interest to recall here a fact already mentioned in Section 6, namely, that 
the coefficient of variability of mean yield was about 38% or 39% for wheat, and 46% and 
67% for gram in the two districts. These compare quite favourably with 43% for paddy 
found by Hubback. As already mentioned, from 2500 to 3000 cuttings of the handy size 
used in the present survey (if these can be picked up at random in a suitable manner) would 
enable the provincial rate of yield with a standard error of about one per cent for wheat, and 
a little less than two per cent for gram. Hubback's recommendation of using cuts of a small 
size is thus fully justified by our work on wheat and gram in Bihar in 1943-44. 


300. Hubback had emphasized the applicability of his method to small or large tracts. 
He explained that ‘the same number of centres would give a slightly greater degree of accuracy 
for smaller and slightly less degree for a larger tract, because the standard deviation on the 
whole increases with the siz» of the tract, though not at all rapidly" (7.8). Here also he anti- 
cipated a good deal of recent findings in this matter. Опе interesting technical point is also 
worth noting. Hubback had perceived that his method of randomization did not exactly 
conform to the requirements of the theory of ‘simple’ sampling (p.12) or uni-stage random 
sampling; he appears in fact to have felt in a vague way the need of using what would be now 
called the theory of multi-stage sampling. 

. 301. A special difficulty in crop-cutting work. There is one peculiar difficulty in crop- 
cutting work which requires consideration at this stage. The area survey can be done at any 
time between sowings and harvesting. As this interval lasts for at least several weeks, there 
is no difficulty in arranging an investigator to reach the village and plots (selected before- 
hand at random)while the c гор is still standing on the field. In crop-cutting work the crop has 
however to be collected just when it is ready for being harvested ; and this harvesting periotd ae 
usually short and may last for only a few days in each locality. The actual time of harvesting 
also fluctuates quite widely from one place to another. The result is that, when villages 
and plots are selected beforehand at random, it often happens that an investigator reaches 
a particular village when the crop has been already harvested or is yet not ready for harvesting. 

302. Hubback had clearly recognized this difficulty. He referred to some work done 
by Mr. Dobbs (then Director of Agriculture, Bihar and Orissa) in 1921 in Nawada thana in 
Gaya. Dobb’s ‘method was to divide up the map in equal squares, in order to pick out tho 
villages in which samples were to be taken, and then to sample the fields bearing the survey 
number 50, or the nearest fields planted with rice". Hubback pointed out, however, that 
‘for this method it was necessary to find out the date on which the crop in each field wou 
be ready for harvest and to arrange to visit the village on that date’ (p.6) which of course 
presented great practical difficulties. 
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TYPE OF FIELD STAFF : 


STATIONARY OR MOVING 
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their respective allotted area in an adequate manner. This introduces one complication, 
namely, the waste of time in moving from one grid or sample-unit to another. The time taken 
for such journeys (called ‘journey time’) is by no means negligible, and is usually greater than. 
the total time spent in actual enumeration work. This may be called the system of moving 
investigators. Considerations of cost of field operarions now become of paramount impor- 
tance; and have been considered in earlier sections. = 


310. Possibilities of air-surveys. I have assumed so far that the primary sample 
enumeration would be done directly by investigators. It is possible, of course, to use the 
method of air-survey with the help of photographs taken from aeroplanes. In Bengal this 
possibility had been considered several years ago in connexion with the jute forecast and 
actual trial photographs were taken. The difficulty at that time was that the growing jute 
crop could not be dis tinguised from other crops. ‘A little later, in 1938, having come to know 
that similar experiments were being made in U. S. A. I made enquiries but was informed 
that the difficulties had not been overcome. This subject was again considered by the Jute 
Census Committee at its third meeting held on the 26th October 1938 (p.5 of preceedings 
printed by the Indian Central Jute Committee in 1938). My own idea was in fact to try 
special color sensitizers for this purpose. A grant was actually sanctioned by the Indian 
Central Jute Committee for photographic experiments ; but unfortunately, the beginning of 
hostilities made it impossible to carry out any work. My personal view has always been that 
the possibilities of air-survey (using specially sensitized films) deserve serious study, but 
I regret 1 have no definite knowledge to give any advice in this matter. 


CHOICE OF DIFFERENT METHODS 


311. Choice of the sample survey. The choice of the sample survey scheme with work 
done by parties of moving investigators (as in Bihar in 1943-44 or in Bengal since 1937-38) 
was thus not based on any categorie superiority of the method but because of certain contin- . 
gont facts. First of all, the sample survey is much less expensive than a complete enumeration. 
It is capable of supplying, at a small fraction of the cost of complete enumeration, crop acre- 
ages for the province as a whole (and possibly districts) with a margin of error of about three 
per cent. The physical margin of uncertainty, as already pointed out, is also probably of 
this magnitude. There is, therefore, no point in trying to reduce the sampling error below 
this limit so that the sample survey is fully adequate so far as provincial (or district) estimates 
of crop acreages are considered. 

312. Secondly, where a patwari system (or a similar agency) is not in existence as in 
Bengal a | Bihar it is much easier and quicker to organize a sample survey. A full scheme 
for complete enumeration in a province like Bengal or Bihar would require an army of several 
thousand investigators scattered over the whole province. Recruiting and training such à 
large number of workers is not only difficult but is bound to take a good deal of time. 
Making adequate arrangements for inspection and supervision (which are essential for success) 
also present many difficulties. The sample survey, on the other hand, requires only from 
two to three hunderd primary investigators with an inspecting staff of from 60 to 80 persons 
for work on a full provincial scale. Problems of organization are therefore much simpler. 
There is much greater chance of securing say 300 reliable workers than several thousands. 
Another advantage of the sample survey already noted is the possibility of calculating a valid 
estimate of the margin of error of the results and of providing controls at the point of collec- 
tion of the primary material. Finally, in a sample survey it is possible to have progressive 
estimates of the crop-acreage almost from the begining of the survey and right through the 

-crop season ; the final estimate can also be got ready within 10 or 12 days of the termination 
of the area survey. The administrators can, therefore, maintain practically continuous touc 
with developments all through. These are considerations in favour of the sample survey- 


s 313. The sample survey, however, has its own limitations. It is unable to supply 
information for crop acreages for small units of area like thanas, villages etc. There are also 
definite disadvantages in carrying out crop-cutting work by а comparatively small number: 
of moving ‘sample As already pointed out, crop-cutting Work can be done much better by 
patwaries or some similar agency of ‘stationary samplers’. 

А 314. Advantages of а patwari system. Where a reliable patwart system is in existence 
it would be in fact possible to utilize its help not merely for crop-cutting work but also for а 
sample survey of crop acreage. In the area survey, as at present organized — В engal ОЕ 
Bihar, the total number of investigator-days spent in each season is something like 25,000 
in round numbers. As already pointed out, à good deal of this is consumed in moving from. 
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316. A sample survey of crop acreage can be 
a few days of work in each crop season by patwaries or 
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or vermin or animals. In provinces with good irrigation facilities there is naturally much 
less risk of the crop failing for lack of rain ; and the gap between ‘harvested area’ and ‘area 
sown’ may be quite small. On the other hand, in provinces in which irrigation facilities are 
meagre there is always a good deal of risk of the crop failing through lack of rain. As it 
happens, the permanently settled provinces like Bengal and Bihar are also provinces which 
are backward in irrigation. It is in these provinces that the gap between ‘area harvested’ 
and ‘area sown’ is therefore likely to be quite appreciable. In fact Sir John Hubback after 
discussing this subject stated that the difference between the planted (or sown) area and 
the harvested area of paddy might, in a bad year, “well be over 50 per cent all over a sub- 
division” in Bihar (p. 10 of his bulletin already cited). | 

322. It is, therefore, clearly necessary to estimate the gap between the ‘area sown’ 
and the ‘area harvested’, This cannot, however, be done by the method of complete census 
as chumeration of crop acreage would continue throughout the season. In the sample survey, 
а quick area survey early in the season would give a good idea of the area sown. A second 
survey carried along with crop-culting work would supply an objective estimate of the area 
harvested. This would enable an estimate being made of the gap between the two, and would 
hence enable suitable adjustments being made in the crop acreage obtained from complete 
enumeration. The need of estimating the gap between ‘area sown’ and ‘area harvested’ is 
thus by itself a sufficient reason for the continuance of the sample survey along with complete 
enumeration, A combined acreage and yield survey would also enable che total outturn 
being estimated directly instead of by multiplying the total acreage by the average rate 
of yield per acre. This has important theoretical advantages. 

323. Frame-work: Jor sample survey. In the combined system, when the patwaries 
or local investigators have once become well organized, the sample survey would have chiefly 
а supplementary function. The scale of operations may, therefore, be reduced to below 
that at present in use in Bihar and Bengal. But even then in order to organize and carry 
out the sample survey work it is essential to have a strong frame-work of inspecting and super- 
vising staff. Bengal experience shows that from 60 to 80 inspectors and 20 or 25 chief 
Mspeetors would be required for this purpose. lf such an inspecting staff is maintained, 
they would be able to conduct independent area surveys and erop-cutting experiments on а 
restricted scale which would supply a most valuable check on the reliability of the whole 
scheme. The existence of such a nuclear staff trained in sample survey work would indeed 
be a valuable asset to the province. It would be then possible to mobilize this staff at 
short notice to collect such information relating to rural areas as may be required by 
Government from time to time. 

: 324. Safeguard against future set. backs. Maintaining such a nucleus of trained 
Inspecting staff would also be a safeguard against setbacks in statistical matters in future. The 
food crisis of 1943 showed how Government was hampered at every step for the lack of reliable 
crop statistics. This, coupled with conditions brought about by the war situation in North 
st India, made Government willing to spend large sums of money for collection of crop 
stat istics. In the face of impending famine and pestilence, expenditure howevter large, is 
quite rightly, of no consideration. But if by any mischance complete enumeraion does not 
work quite satisfactorily or has to be abandoned at any time in future the one possible 


alternative would be, of cours . to fall back on the sample survey. This, however, would 
be only possible if 


, si а nucleur inspecting staff is available ready at hand for this purpose. 

325. The cost of maintaining a skeleton frame-work of sample survey will be small. 
On the scale visualized above, the inspecting staff may be maintained as an integral part of 
the complete enumeration (or patwari system) without involving any additional expenditure. 
1 he real additional cost of the sample survey would thus be the expenditure required for the 
statistical portion of the work. On the reduced scale indicated above, the total cost would 
probably be something of the order of a lakh or a lakh and a half of rupees per year. This 
would be a very moderate expenditure for ensuring continuity of work in future. Tt would 
also Supply independent estimates based on the sampling method and furnish an excellent 
check on the accurary of complete enumeration. a 
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SECTION 11. SUMMARY OF THE REPORT 
326. For convenience of reference а general summary of the Report is given below. 


SECTION 2. METHOD OF THE SAMPLE SURVEY 

327. A general account is given in this section of the met hod of the sample survey 
as developed in the course of a five-year scheme (1937-1941) for the impr 
acreage estimates of the jute crop in Bengal, and later extended to the pac 
Government of Bengal in 1942, 1943 and 1944. 

328. Use of random samples. The essential feature is to use about sixty or seventy’ 
thousand. sample units called ‘grids’ which are small units of square shape and usually of 
size from 2 to 5-acre each. The whole of the province is divided into a suitable number of 
zone-cells. (In Bengal, 960 zone-cells of 64 square miles each are being used at present 5 
in the rabi survey in Bihar, 96 zone-cells each of about 50 square 
of the two districts Shahabad and Monghyr) 


ovement of the 
Idy crop by the 


miles were used in each 

A certain number (depending upon the design 
of the survey) of such grids are located purely at random on cadastral survey mauza maps 
within each zone-cell. Field lists (khasra) are prepared showing the revenue serial number 
of all plots falling within each grid. Investigators then go out to the field with these lists 
and appropriate C. S. village maps, identify the plots, examine the crops growing оп the 
plots, and record in the field lists the anna-estimates of the proportion of land under different 
crops on each plot. The field lists are then sent to the Statistical Laboratory where the 
records are tabulated, and estimates are prepared of the crop acreage based on the 
information collected for the sample plots. 


329. Planning of the sample survey. The precision of the results naturally depends 

п ше size 1 of each individual grid and their total number. The larger the size and E 
$ REUS e total number of grids the greater is the precision. The object of efficiens 
planning of a large scale sample survey is to settle the size of each individual grid, and their 


total number and distribution i m m 
Е among different zones in such а way as obtain 1 
final result with the least, possible — of error. Wann 


330. { " | | | 
up of two es roh Coe b erue of error of the results of a sample survey is are 
; B У uetuations of sampling (which is inherent i | ling metho 
and which сап be C un pling (which is inherent in the sampling 
е i d basis of the theory of probability), and. the other due я 
ре Ud Е arising from careless or even dishonest work on the pal А 
sampling fluctuations. It 1 recording mistakes are quite as importani Бе 
Tobi x. 'efore, necessary 1 5 ай ia 
statistical checks and controls necessary to incorporate in the sample survey suita 


331. Sub-sam З he 
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335. Zone- : ‘ А A 
roughly of a ea m por emot Each of the districts was divided into 96 zone-cells 
pe and from 40 to 50 square miles in area ; and from 80 to 100 grids 
For lack of time a detailed inter-penetration of eae was 
sella in each district were however divided into 48 pairs of 
bil. and белшш ЭЕ] B pairs of zone-cells were allotted at random to sub-sample 
in each Sen so that oe to sub-sample (B). One party of field investigators worked 
and (B) for each — i 1 information was collected independently for sub-samples (A) 
two sub-samples Lade E vith detailed inter-penetration of grids a comparison between the 
Токт aan лыш ld have been possible for sach zone-cell separately. In the present 
4 3 however, be made only for the distriet as à whole. 
two sub-blocks jue pid Each district was divided into three blocks and each block into 
inspecto alder * ш ing of 16 zone-cells. Each block was placed in charge of а chief 
ак я — there were four field parties. Rach field party consisted of four 
i6 eub anms er one inspector. ОЇ the two parties in each sub-block one party belonged 
mple (A) and the other to sub-sample (By. * 
ion. Arrangements were also made for the complete enumeration 
as; portions of these areas were subsequently surveye 
The object of collecting such plot to plot information 
model sampling experiments, and 
bility of the primary field work. 


were allotted to each zone-cell. 
Set attempted. The 96 zone 
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OUNT OF THE SURVEY 

£945. anal ase k. | е surve started in the third week of December 

ШШШ a 5 completed within a few days. The work of locating at random 18,000 sample 

than UNE ТАЕ on appropriate village maps, preparing field lists (Fhasra) comprising more 

8 akhs of individual plots and making other necessary arrangements for the survey 
mpleted by the end of the first week of February 1944. 


330. Ona iakon, af . 
im che 330, Organization of the field branch. Seventy-four experi ш 
arge of two field supervisors were sent to Bihar on loan from Bengal. The local field 


Staff i i d cds t 
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on 30 © Progress of field work. Field work started on 12th de dr у ай еа 
as hi li April 1944. The total period of work was 62 days Bui а а Di = rk was divided 
into дуз on account of holt festival ; the actual period of 60 days г ан due be oes 
atacar ge of 12 days each. А special conference WS arranged at eram ns relating 
to oe led. by the whole of the supery ing staff and technicians. à ien y eere ems 
proc ход crops and crop-cutting experiments were discussed and decisions relating 
deedure were made. à 
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de which preparatory work had to be started on a very large on 9985 - m 
342. Reports. А preliminary report on the survey in the rabi season based oe eavy 


ted in 3 (out of 5) haltages was submi 28th April 1944. 
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; : я s ing e of one or two per cent. For gram the sampling 
ушн аке " fe d something like two or three per cent (Section 5). 
ecd mu ind стор acreages. In Shahabad district the sample estimates of Сор 
cun thousand acres) are 300:35-- 19:87 for wheat, T840-- 0751 for barley, 337-38. = 
26-86 for gram, 56:60--12:95 for arhar and 197:81 78 for khesari. In Monghyr How 
еда acreages (in thousand acres) are 284-08 31:62 1 T wheat, 66:00-25:32 for barley, уч 
26:86 for gram, 103°71-Е23-22 for arhar and 47-80--15:11 for khesari, | Ге аа тё 
margin of error generally varied between 10 and 30 thousand. acres for the different «ОВ 
the two districts. This is reasonably small and is quite satisfactory for a. pilot survey. 


346. In the area survey the internal agree 
the whole satisfactory showing that the results 


347. Owing to the late start of the s 
under-estimates as portions of the erop had 


ment between different sub-samples is on 

are quite reliable, 

urvey, acreage figures are, however, probably 
Ҹ 3 * А i aces 

been already harvested during the later stage 


of the area enumeration. Adjustments based on the observed decrease in successive halt 1 — 
indicates higher acreages (in thousand acres) of 335, 102, 452, 73 and 298 for wheat, barley, 


gram, arhar апа khesari in Shahabad district : and 296, 76, 255, 132 and 70 respectively i 
H . : H F ita for © 

the five crops in Monghyr district. These adjusted values are probably upper limits for th 

area sown. 


348. Settlement figures. Settlement figures are generally believed to be reliable and 
may be accepted as representing actual conditions at the time of settlement. operations 
(1907-1916 in Shahabad and 1909-1912 in Monghyr). Crop acreages according to Set ei 
Reports were (in thousand acres) 228, 145 for wheat : 105 and 8I for barley ; and 340 Шы 
211 for gram in the two districts respectively. Sample estimates are not strict ly comparable 
to official figures owing to the ambiguity in the interpretation of acreage under mixed crops: 
But ageneral examination of the sample estimatesagainst thebackgroundof Settlement figures 
suggests that in recent years the cultivation of wheat has increased appreciably, the area 
por ae somewhat, while that under gram has remained much the Lue 
than 1000 acres in Monghyr di аби. The area under arhar is certainly much gret 
(0 = YT strict as given in officia] forecasts. 


| SECTION 6, OUTTURN OF WHEAT AND GRAM 
349. Hubback’s work Sir John Hubback had с 
cutting experiments on paddy covering the greater 
ago (1923-25) using, as far as is known for t] " 
samples for this purpose, He had used ‘cut : f. 
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practical purposes (Section 6). SEN 
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are ambiguous. Secondly, official figures relating to rates of yield, ‘condition factor', and 
outturn are conflicting and of doubtful value. Actual caleulations based on official reports 

` Гог the four crop-s sons from 1940-41 to 1943-44 show that “standard” rates of yield have 
changed suddenly from year to year although no crop-cutting experiments on rabi crops appears 
to have been done by the Department of Agriculture in recent years. Different sets of 
condition factors are given for the same crop in the same year, but nothing has been stated 
to reconcile the dis ancies. Enquiries made from departmental officers made it clear 
that the present position is unsatisfactory, and careful experimental study is essential for 
progress. 


SECTION 7. PROBLEM OF MIXED CROP 

354. Ambiguity about mixed crops. Mixed crops may have two different meanings. 

In the same plot one portion of the land may be sown with one crop, and another paruni 
with another crop and so оп; in such cases there is no ambiguity in the area under paoa 
indivitual crop. It is also possible for the same portion of land to be sown with a mixture 
of two or more crops. In this case each crop covers the whole geographical area under mixed 
crops. If each erop is credited with the gross area then the total land recorded to be under 
cultivation would be much greater than the actual geographical area. Estimates may also 
be made of the net proportion of land which have been covered by each crop if it had been 
sown separately ; the total net area would be now equal to the geographical area covered 
by mixed crops. 
У. Frequent occurrence of mixed crops. Sample studies show that wheat or gram 
is sown by itself (or *pure as it is called) in only a small proportion (about 10 per cent) of the 
land under wheat or gram alone ; in the remaining 90 per cent wheat (or gram) is sown in 
mixture with other crops. " 

356. Variations in mixture. In Bihar the relative proportions of the different crops 
in mixture do not remain the same but fluctuate widely from region to region or even from 
plot to plot in the same region. Proper assessment of area under mixed rabi crops is thus 
a matter of great importance in this province. As far as could be ascertained, no standard 
procedure is being used at present for this purpose in Bihar. The Settlement Reports also 
fail to make the position clear. 


357. Variations in rate of yield of mixed crops. The rate of yield of wheat was 
determined for plots with different compositions of wheat sown in mixture with other crops. 
The rate of yield increases, as one would expect, with increasing composition of wheat in the 
mixture. But the increase in yield does not take place in equal proportion with the increase 
in the intensity of wheat. ‘Fore sample, the graduated yield is 4.32 maunds per acre for 
опе and two-anna proportion of wheat, and is 74 maunds per acre for a 15 and 16--anna 
proportion. Thinner compositions thus give relatively higher yields which probably 
explains their popularity. 


358. Gross acreage and calculated outturn. In the present survey estimates had been 
made on the basis of net or effective acreages. Converting these net or effective acreages into 
gross acreages and multiplying by rates of yield appropriate to different compositions the 
estimated total outturn in thousand maunds of wheat (as extracted grain) was 3860 for 
Shahabad and 4486 for Monghyr against calculated values of about 1947 and 1832 as given 
in Section 6. The wide gap shows the urgent need of critical studies. 

359. It is suggested that the best plan would be to record two things in the case of 
mixed crops, namely, (a) the gross (or geographical) area under all combined crops in the mix- 
ture, and (b) the effective or net anna proportion of composition of each crop, that is, the 
estimated proportion of the land which would be covered by the crop if sown by itself with- 
out mixture. Crop-cutting experiments should also be conducted to determine the rate of 
yield per acre (on the basis of gross or actual geographical area) for plots with different propor- 
tions of the crop in the mixture. The outturn can be then calculated directly by multiplying 


the gross area by the rates of vield appropriate to the particular anna-composition of 
the crop. 5 


SECTION 8. COST OF OPERATIONS 
360. Volume of labour used in the sur еу. ln the present survey payment was made 
to investigators for a total of 6564 days of work out of which 4565 were spent in area survey 
(inclusive of 317 in crop-cutting work), and 1999 in special studies. The amount of time re- 
quired for crop-cutting work thus represented only about 7 per acent of the time poe 
for area Survey work. The sampling errors of estimates of crop acreage and of rates of yie 
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per acre were abou 88 S york T ires : fourteen times 
t the same ; this E hows that area survey У ork vg ms about fourt 
h i op-eutting work to attain the same precision in the results. 
more than crop- 


> - 78 at. as ^ would expect, 
7 rids. It is found that, as one wo 

tween cost and density of g a End 

SL E E du of grids increased when the density of grids w as sm i La 

ар E us fewer grids per square mile because proportionately more time ж a 

га rin тА from one grid to another. The actual relation between cost and densiti 

in m T 1 ETVE i a n" 

oF erie was similar to that previously observed in Bengal. ————" 

"Е 362. ‘The above studies were directly useful in — the р an e : v gc ptt 
i on i sas i abled calculations being made in advance € 1 

bhadoi and succeeding sesaons as it enabled calc omma tant „ sedi wa 

(and hence expenditure) which would be required in working with grid: 


363. Analysis of costs. The total expenditure in field branch аз well я — я 
tionate cost per investigator-month under different heads in the rabi sury 1 iden 
alysed and. compared with corresponding costs in the Bengal crop survey in |t kr : бш И 
diture and cost per investigator-month in the statistical branch have been also disew 

SECTION Ü. ACCURACY OF AREA ENUMERATION 

364. Recording mistakes. In certain compact areas complete inventories were Бий) 
of the proportion of land under each crop in each individual plot. lhis work was rept «ct 
independently a second time in certain areas by entirely different parties of workers. A m = 
parison of such duplicate records for the same identical plots showed that the two sets of rdi i 
were discrepant in the case of from 10 per cent to 15 per cent of plots compared depending 
upon the stringency of the definition of agreement. 


365. Comparison in terms of acreage showed that both positive and negative Фат á 
pancies (i.e. errors of both commission and omission) occurred in appreciable numbers. . ta 
building up totals for higher units like villages, thanas, districts ete. the positive and negativo 
discrepancies would cancel out to a large extent, and. the re sidual discrepancy would. becom 
gradually smaller. Forthe material under comparison this residual discrepaney wis, however; 
still appreciable and greater than 4 per cent. If the discrepancies are added together neg 
lecting their signs one gets the accumul i 


Н А ЭЕ f i t 
ated discrepancy which was surprisingly high,—abou 
75 per cent for wheat and 54 per cent for gram. 


SPECIAL STUDIES 
366. A number of special studies were also undertaken to collect information for 
improving the technique of the crop Survey ; and some of the results are mentioned below: 
367. Weight of crop as harvested. Studies were made-to find ‘iin теа оп between the 
ears of wheat as harvested and the weieht of grain extracted from the dri E "ws as also 019 
relation between the weight of pods vf gram as harvested and the wider x ecole grain. 
Tf a stable ratio can be found between these two weights then it would | 5 а e n to simplify 
the crop-cutting work by recording only the weight of ears of wheat ES opp eran’ as har- 
vested, and later converting these into equivalent weight of Eram. ior I a - 15 results were 
encouraging as the observed ratio was found. to be fairly stable 1 it 9 — 1 vestigations 
are necessary. Preliminary studies were also made of the effe ds — ч harvesting 
on the weight of crop (section 6). ect of premature hi 
There was considers 


368. Analysis of variance : -heat 
: е able variation i » vield of both whe 
and gram from one region to another and also from plot to plo. на у Y walten re- 
lating to such variations has been collected which indicates that ва lo | - s ild be scat- 

localities as possible rathe “ampic-cuts shot i 


tered over as many ; i 
\ г than on many "WI ality: 

hin en ali А У plots withi e same localtt; 
pie кы ci plots as possible n th 


€ 


у On às many 


p e 

i - й rather than on many cuts within th. 

same plot. With the help of numerical data calculated from ex шап ud vations ! 
is possible (in conjunction with considerations of costs) to решш ридаи 


in such а way that the highest precision in results may be ; 
diture of time or money (Section 6). , > 


А ing 
arrange the pattern of sam plis 
attained with a minimum exP 


en- 
SECTION 10. REVIEW Or METHODS FOR IMPROVEMENT op CROP STATISTICS 
| р ^ : MES "c STATISTICS эк 
369. Section 10 gives a general review of methods for im ovement of crop statisti?” 
with special reference ш permanently settled provinces like Bihan wei P " d | 
37 stia , f re]; . env Ars aL a. él 
370. Existing met ods unreliable, Existing methods of рге — e statistics = 
based on subjective estimates made ? 8 preparing crop statis 2 


bs : lec 
DY loca] Officers al 

ur CAE X va TS 0: op жога (а ‘he 80-08". . 

‘condition factor’ of outturn. Tn the pe crop acreage and the 80. this 


f both 
- rmanently settled provinces figures ‘ted in 
way have been known from a long time to be — — inces figures collect 
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REPORT ON THE BIHAR CROP SURVEY : RABI SEASON 1943-44 


371. Need of an objective method. Scientific opinion. is united regarding the need of 
using an objective method based on actual physical examination of growing crops. 


372. For acreage surveys two procedures are open, namely, (а) complete enni T 
and (b) sample survey. In the complete enumeration à detailed inventory is и 
direct physical examination of the proportion of land under different crops in each 
plot in the province. a ae 
; reiebi ih indivi- 
373. For crop-cutting work, complete census of weighing of the cle ee n 
dual plot is out of question, and recourse must be had to the method of random samples. 


374. Sample survey. In this method a suitable number of pee Cupra o Ludus 
located purely at random, and the proportion of land under different crops m the plots inclu n 
within these grids is recorded by direct physical examination. Estimates are then prepare 
for the area under survey on the basis of such sample information. 

375. Stationary investigators. The procedure of the sample survey itself cee ym 
different forms depending upon the kind of human agency which may be available oF he 
field work. If the part-time services of a large number of investigators (like patwaries 7 
temporarily settled provinces) happen to be available then each investigator ean be Kore 
a small compact area or cell so that he can enumerate a suitable number of grids within E 
own cell without leaving his usual place of residence. This may be ealled a ae 
stationary investigators. If the part-time help of say, 2000 investigators happen to be avai л 
able then the whole work of area survey can be finished in 5 or 6 days in each season ; with 
a large number of investigators the work would take still less time. 

376. Crop-cutting work becomes extremely simple with a system of stationary opsat: 
vers, A suitable number of villages and plots can be selected at random beforehand an 
assigned to each investigator within his own cell so that he can collect the samples just yhen 
the crop on the selected plots happen to be ready for harvesting. With one or two thousan 
investigators the whole work can be finished in a day or two practically at negligible cost. 

377. Moving investigators. If the part-time help of stationary investigators 18 not 
available (and it may be mentioned here, that this was not available in the Bihar scheme) 
then the work must be done Бу a comparatively small number of whole-time investigators 
appointed ad hoc for this purpose. ‘The area allotted to each investigator in this system must 
necessarily be 'arge, several hundred square miles in extent. Each investigator has ne gan] 
to move about from place to place for both area survey and crop-cutting work. А good dea 
of time is consumed in such journeys, and considerations of cost become important in deci- 
ding the pattern or design of the Sampling technique. P 


. 978. Advantage of complete enumeration. А complete enumeration (when it can be 
carried out without mistakes) represents in wealth of detailed information the highest goal 
of Statistical science. Against this, the sample survey can only give crop acreages for large 
units like the province or districts or perhaps sub-divisoins, but not for small units like thanas 
or villages, 

5 379.. Margin of error. Опсе, however, апу mistake is made іп the complete enumera- 
tion there is no possibility of detecting it except by a second (or possibly a third) enumeration. 
The sample survey possesses a great advantage in this matter; provided the sample-units 
ате taken at random, it is possible to estimate the margin of error on a valid and scientific 
basis. Tt is also possible in the sample survey to incorporate internal statistical checks and 


controls. Although a sample survey cannot be guaranteed to give accurate евра № 
16 goes wrong, this can be detected: 


. 380. Relative costs. The cost of a complete enumeration is necessarily high. Ex- 
perimental studies in both Bihar and Bengal show that about 10 investigator-days are required 
рег square mile to do the work satisfaetorily. Оп this basis, 6,00,000 (six lakhs) ы Na 
Eator-days would be required for the complete enumeration of 60,000 square miles. For 
provincial estimate of crop acreage the use of about 60,000 grids of about 4-acre each would 
be sufficient for which the time required for actual enumeration would be about 12,000 or 
15,000 investigator-days at the most. With stationary investigators a sample survey of area 
would thus require one-fortieth or one-fiftieth of the labour of complete enumeration. With 
moving investigators more time would be required but even then it would be something like 
one-twentieth of that of complete enumeration. 


381. Recording mistakes. In actual practice, one difficulty in the method of complete 


a 18 ation under existing conditions in Bengal and Bihar is that large mistakes are made 
© preparation of crop records and also at other stages. For crop acreage, the effective 
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В ә : kely i і sdiate future, to be 

umeration therefore is not likely, in the imme uu A 
ee e E thst | W in the sample survey in practice. Organizational diffi ulties in 
higher moni a large staff are also naturally greater in the complete enumeration. 
working : 


382. Choice between the two systems. The choice between complete ME = 
sample survey is thus primarily a question of expense, and depends entirely -— trouble 
much detail information is г зерня to be collected and how much expenditure anc 
Pu и ыы uae patwari system can be built up (or where it = = 
existence) it should be possible to get quite reliable estimates of crop acreage. 1 his SV aff) 
has distinct advantages over a sample survey (carried out by a small rapidly mov AB rt a 
in crop-cutting work. А patwari system has also many administrative advantages ; 9 


а SUE. 2 сб» settled 
order to be effective it must have a sound organization as in the temporarily St 
provinces. 


| зз, ; avi system 
384. A combined system. In Bengal and Bihar the building up of such a patwart зу ar 
will take time. In the transitional stage it is desirable to continue the sample survey in € 
to secure reliable crop statisties in the immediate future. 


385. Even when a patwari system is fully organized it would be desirable to incor » s 
the sample survey as an integral part of the scheme of complete enumeration. In sue the 
combined. system both sample survey of area and crop-cutting work would be done with sali 
part-time help of the patwaries for which only a few days of work would be required in € 
сгор season. 


porate 


а harvested is alway! 


ned 
nts for the gap between the two. This combi? ч 
the total outturn being estimated directly 
or the province as a whole. 
387. Sample checks. The sample 


3 : ` sneck* 
г Survey would in any case ec 
on the results obtained through comple T any casó 


supply valuabl 
rre te enumeration, a 
388. arginal cost. In the combined system it w sary to haves 
separate body of investigators for the sample inc it would not be necessary rs 
would be maintained for 


К: Y but a small trained staff of inspec еу 
у ; general supervisi Bowel mq » ‚ ВГУ 
integrated У а ета нањо rro Пе gost а amp, P 
probably of the order of a lakh and a half of Tupees per Ж m — m Bihar- 

389. Safeguard against future set-back. The mainten: en а pro ar staff for вату 
survey would be useful in case by any mischance the scl ci bd a айде ration 18 n k 
entirely satisfactory or has to be abandoned in a cheme of complete enumerati! 4 pac 
on the sample survey for securing crop pe 


Pine ould be then possible to 1 osos. 
Statistics of suffeient accuracy ft practical purP 


ADDENDUM : 
munde p ae had lert: large numb pad 
і ys 8 kinds әш undertaken a larg lia and дег 
submitted report on such Surveys from time to time Ex . Departments in Tar orts 4ed 
war conditions was not considered advisable, Tones ublication of these E inte! de 
= p r3 the reports as are likely to be of Wa. — peo A aim 
sed 1 ronological or any other definit о applied stale „eneral pat? 

would be to give concrete examples of the type pat i nite sequence. The m Insti ihe 
and to indicate the wide scope and possibilities of th Le. being done by ey, and 
reports would be printed, as far as possible, in the. © method of the sample survey) g. 
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INDIAN STATISTICAL INSTITUTE 
Twelfth Annual Report: 1943-44. 


We are writing this report in the midst of renewed enemy action in North-East India. The year 


under review has been one of unprecedented stress and strain in Bengal, The country passed through an 


acute food-crisis of a kind never known before. In consequence there has been repidly growing demand of 


statisties in every direction. Although we were obliged to expand our staff at a rapid rate, the growth was 
not altogether healthy as there was a great scarcity of trained statistical workers. The only thing we could 


do was to train up as many men as we could in the course of the wark itself. 


During the year under review the total number of worker-months in employment on the statistical 
itle Was БӘ ane average of 206 workers per month, The statistical work itself had to be earried out 
at three places, in Caleutta, at Baranagore in the suburbs of Calcutta, and at Giridih a little over 200 miles 
away from Calcutta. The statistical staff was divided roughly in equal proportions in the three centres 
at the beginning, but, owing to lack of accommodation in the Presidency College in Caleutta, the number 
of workers at both Baranagore and Giridih had to be steadily increased so that early in 1944 it was some- 
thing like 150 or 160 at each of these two places. It is only because of the unsparing loyalty and enthu- 
siasm of the old guards of the Statis ical Laboratory that it has been at all possible to carry on the work at 
such high pressure. 


Crop Survey work IN BENGAL 


The most notable progress in the year under review was achieved in the sample survey of crops. 
1t would be remembered that work was started on a small scale with a total expenditure of about Rs. 7.000 
оп ап exploratory survey of the jute crop in Bengal in 1937. This was the beginning of a five-year scheme 
for the improvement of jute statisties which was financed jointly by the Indian Central Jute Committee 
and the Government of Bengal. The sampling technique. developed in the course of a gradually expand- 


Ing series of surveys culminat ing in the full scale provinicial work of 1941,which demonstrated beyond dispute 
the pos 


sibility of securing by this method a final estimate of jute acreage with a margin of error of only two 
or three per cent at a cost of one-fifteenth or one-twentieth of that of a complete enumeration. A general 
account of tho five-year scheme with discussion of theoretical foundations was given in a memoir prepared 


by the Hon. Secretary in 1942 which is being published in the Ph ilosophical Transactions of the Royal Society 
of London. 


The Hon. Secretary had been pressing from the very beginning of the five-year scheme in 1937 
for the extension of the method to cover paddy and other important crops in Bengal. Each year from 
1938 to 1942 the repeated his efforts but without success. In 1942 the Indian Central Jute Committee had 
ехрухевнап. their complete satisfaction with the method of the sample survey and had recommended its 
continuae by Government in future. The Government of Bengal however decided at first to 
discontinue the work but subsequently revoked their decision and asked the Hon. Secretary at the end 
of March 1942 to proceed with the Jute survey. By ths time a good portion of Burma had been occupied 
by “ne Japanese, and the supply of rice from that country had been cut off. Apprehending a serious deter- 
loration in the food situation (not because of the physical volume of the import which was small but because 
of the possible effect on prices) the Hon, Secretary submitted a definite scheme to the Government of India 
at the end of March 1942 for extending the sample survey to cover the paddy crop in Bengal. In the course 
of the next few months he also discussed the question with a large number BE officials in Bengal but all his 
efforts failed completely. In the absence of reliable statistics both the provincial and the Cental Govern- 
ments were left entirely in the dark regarding the supply position of rice at the end of 1942. This made 
ha PMID for Government, to Rursus а consistent food policy on any objective basis. The ева of 
s tical position was thus an important factor in bringing about the deplorable food crisis in. Bengal 
m не Eon. Secretary has given a general account of the position in a paper presented before & 
um — organized by the National Institute of Sciences of India held in Calcutta at the end of September 

З which has been already printed in their Proceedings Vol. X, No. 1 (1944). 
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i the Hon. Secretary again submitted a scheme to the Government of Bengal in a 
mee tn at nt crops in Bengal. Sanction was given to that portion of the scheme whieh 
р 15 a T reparatory work was started at the end of February 1943. On the basis ub 
5 e P gum Am. Secretary also proceeded with the preparatory work for the survey of 
ае еы had to be discontinued in the middle of June 1943 under instructions from the Seere- 
T the pia Agricultural Department as it was not considered advisablo by Government to — 
with the scheme. In August 1943 the Hon'ble Mr. Н. S.. Suhrawardy, Minister in charge of the Departmen 
of Civil Supplies, decided however to take up the survey from his own Department and issued orders to Pree 
ceed with it. In this way we got the opportunity for the first time in 1943 to un 


lertake a comprehensive 
survey of the paddy crop in Bengal covering about 70,000 square miles. 


Design of the Survey : Work in 1942 had to be carried out under great difficulties it 5 
of which the quality of the field work had deteriorated somewhat. Conditions in the country in 1943 cont = 
nued to be, if anything, evern more difficult on account of the acute food crisis. Many of the field staff 
We, therefore, decided to streng 
then the statistical control by securing duplicate enumeration of about one-sixth of the grids. In order 
to do this the uni-stage method had to be given up. Adjoining police stations were paired, and out of 


| consequence 


were raw recruits and had no previous experience of this kind of work. 


ench 
pair one was selected at random thus including in the sample 50 per cent of the police stations from all ov“ : 
the province. Within each selected police station a certain number of sheets of maps were selected ! 


7 р 2 ч å b of BOO 
random; and within each sheet a suitable number of grids were located again at random, In view of t 


fact that jute as well as paddy had to be covered in the survey it was decided to use one uniform 59^ d 


grid, namely, 2.25 aere for the whole province; and the total number of such grids actually ennun 


erated 
was about 59.000. 


Field Organization : Eight training camps were opened in February 1943 and about 


225 workers 
of different ranks were given field training. 


ES 6 А jy in 
а : The total field staff numbering 365 was organized саму ! 
April and the area survey of jute and Aus paddy was started in the 1 middle 


of May 1943 and was extended to other distriets in the course of a. "s una — e 
pleted by the end of August but crop cutting work on jute and aus paddy continued till the middle of Бер” 
tember. The area survey of Aman paddy began early in October and was finished by December 1943 
crop cutting work started by the middle of November and continued till Hosen 1944 ` 


om 


«Precision of Estimates : 


The area under Aman paddy a based on tl 
in large excess of the official figure of 179 lakhs of acres. 


tinized. 


to lie 
seru- 
in 


ле sample survey was found 
s The field records were therefore carefully 
Although there was some evidence of the fie! 


ld work n i esty 
ot having beer ite hones?’ 

i j en done quite 

certain areas, as far as we could judge, these defects we E one q 


re not sufficient t ; (terence. 
WES ; > d о explain the large differt 
this situation we made a careful comparison of the acreag І V RR 


m 
r e under Aman pa raus dM Settleme 
Reports with the contemporancous official forecasts and found tha! sa dam ee 


from 
1900 to 1941 the official estimates were on an average 24 percent bel 


t during the period of 41 yeu? 
In the light of this comparison the 


Е ow the corres ing Settlement ы 
sample estimate was quite plausible кланын 
Crop-cutting work in the Jute-Aus season could no 


regions, In the Aman season wark was done at 120 centres 


ures: 


«proven? 
t be made fully representative of the oat 8 
. in 25 
of 1 to 20) of the estimated total production o rice (not in husl 
order of 7 or 8 per cent. x 


mainly to the unreliability 


districts. The margin of error (a 


“һе 
0 che 


s к) in the case of y was 
Bo Bon e Mis case of aman paddy ste? 
enis mds margin of error is of curse unsatisfactory but must be аш 
i i unary meterial especi i T | 3 i i 
ЕВ, a в з гей, Ur in crop cutting work. Here dit 

P а к я d 
Unfortunately, in 1943 we were obliged to work w = 


течії 

8. 
$ igat 
epends on the honesty of the investi? 


е8 


ith 303 new r zeld 89^ 
of 476 men) who had no previ 6 recruits (or 64% per cent of total fie Tt 
{н unitaria бав T experience of the work and about whom y — * Pw ° „anything E 
i x » that certain portions of ibe material we did not know 5 reme 3 
is possible unless and until the Раева Were found to be unreliable N n 
staff of investigators. 


BENGAL Cnop SURVEY : 1944.45 
А scheme for a sample Survey of Jute 


by 
;ed 
the Government of Bengal early in 1944 and ы m Aman paddy in Bengal in 1944-45 was appro" 4 onet 
a : onsolidated block sane the 
for this purpose. In order t " Е ock grant of Rs. 4, s been 87 . фр 
J Burp! er to improve the efficiency certain Sat cuim = og ^ troduced ir 
ions have been in 
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design of the survey. The whole province has been divided into zone-cells of praetically equal size of 64 
square miles (8miles-square parallel to the latitude and longitude lines) and a two-stage sampling techinque 
is being used on the basis of sub-cells of size one square mile each. ‘The preparatory work is progressing 
smoothly at the time of writing this report. The Government of Bengal have placed at the disposal of the 
Institute the part-time services of Mr. N. C. Chakravarti, B. C. S., (Addl. Asst. Secretary, Revenue Depart- 
ment) as Superintendent of Statistical Surveys : and the Field Branch is being actively supervised by him. 


Спор Survey IN BIHAR 


At the request of the Government of Bihar the Hon. Secretary went to Patna on the 16th November 


1943 and diseussed the possibility of organizing a sample survey of erops in the province with H. E. Mr. 
В. F. Mudie, Governor of Bihar, and other officials. А five-year scheme at an estimated cost of twentyfive 
lakhs of rupees was submitted on the 19th November and the main proposals were accepted in principle by 
the Government within a few days. This visualized a series of gradually expanding surveys beginning from 
the rabi season of 1943-44 and reaching a full scale provincial survey in the aghani (winter) season of 1945.46. 
In this scheme the field work would be done under the direct control of the Government of Bihar for 
ated in December 1943 and 


which a new post of whole-time Superintendent of Statistical Surveys was en 
Ne filled by a senior and experienced Deputy "Collector, Rai Bahadur S. P. Sinha, in December 1943. 
The Indian Statistical Institute would remain responsible for the statistical work during the first five years, 
but would gradually transfer the work to the Government of Bihar. 


qs The preparatory work for the rabi season was started in Caleutta and Giridih in December 1943. 
The first design, which took а good deal of time and labour to prepare had to be abandoned owing to the 
ing village maps from different districts. At the end of December 1943 the:programme was 
f Monghyr and Shahabad ; 


delay in recei 
revised ; it was decided to take up the exploratory work in the two distriets о 
and а new design was got ready for this purpose and the preparatory work was pushed on with all possible 
speed at, Giridih. , 


Arrangements were made to send a staff of 72 field workers from Bengal on loan to Biharand 108 men 


were recruited locally for the work. ‘The field survey started on the 12th February and was closed on the 
1806 April 1944. Two special camps were opened at Bikramgunj in Shahabad district and Gogri in Monghyr 
district, and a number of trained statisticians were posted to these two places for special studies. The 
Hony Secretary inspected the work at Bikramgunj on the 25th and 26th Mzreh 1944 and a conference of 


statistical and field workers was arranged there during his visit. 


The field survey in the rabi season was organized with such suecess that it was decided to do the work 
on the full provincial scale beginning from the next Hd. (autumn) season. This means а stepping up of 
the programme by about 16 months and would naturally involve a very heavy pressure of work in the near 
future. Preparatory work has been already started for the bahdoi (autumn) season of 1944-45, and it is 
hoped that the field survey for the early crop of makai (maize) would be started in the first week of Мау, 


and of the other regular erops of the season in July. 


А block grant of about Rs. 62,000 was received from the Government of Bihar up to 31st March, 
bass and a budget of Rs. 2,48,000 has been submitted for the statistical portion of the work in 1944-45. The 
Bihar Boverament also sanctioned a contribution of Rs. 15,000 per year with effect from 15th November, 
1943, in lieu of the services as Statistical Adviser of Prof. P. C. Mahalanobis who had expressed a desire 


that suc contri i i i i i 
t such a contribution should be made instead of paying him any remuneration. 
Burpwan-Hoocuiy-Howran IRRIGATION SCHEME 


This is the sixth year of the scheme of crop-cutting work in this area. In 1938-39 the individual 
plots of land in this region were classified in terms of certain standard soil classes, and the object of the егор 
cutting scheme is to assess and grade the different classes of soil in terms of fertility as measured by the rate 
of yield of paddy. During the first four years the whole of the crop cutting work was done under the direct 
control of Government. In 1942 the work was done for the first time under our technical guidance and in 
1943 crop cutting material was collected along with similar work done in the Bengal Crop Survey Scheme. 
A comparison of the material collected in 1942 with those collected in earlier years has revealed glaring 
T It is now proposed to make a detailed scrutiny of the primary data with à view to ascer- 

ing whether the material collected in earlier years in sufficiently reliable to be included in the analysis 
or whether it will have to be rejected altogathe?, 
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OTHER PROJECTS AND SPECIAL ENQUIRIES 


Si s s dezeri rk w: * on other 
Besides the crop-area and yield estimation surveys described above, work was also done on « 
esides the erop- y 8 А s | 

jects and special enquiries. The more important among these are mentioned be low. 
projects 


Regional survey of Borer Pests of Sugarcase 1940-41 : The remaining portion of reduction of. the 
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Multivariate Distributions : In the year under review S. N. Roy has obtained suitable reduction 
formulas by which it is possible to evaluate numerically the incomplete probability integrals (both оп the 
null and the non-null hypotheses) of the individual p-statistics. These statistics had been introduced by 
him for purposes of discrimination in respect of variances and co-variances between two multi-variate 
normal populations, or in respect of mean values of k multivariate normal populations supposed to have 
the same set of variances and  co-varianees : the individual distributions of these p-statisties had 
already been worked out by him in the preceding year, Tt may be further mentioned that Mahalanobis’s 
Generalized Distance (D2) is finding suitable application in discriminating between and classifying different 


castes and tribes in the United Provinces on the basis of anthropometric measurements made during 
the 1941 Census. 


Construction of Numerical Tables: Very useful work on the construction of mathematrical tables, 
and the unbiased partitioning of the tail areas of various important statistical distributions including those 
for x: and t, (under non-null hypotheses) is being continued by P. K. Bose and $. Raja Rao under the general 
guidance of P. С. Mahalanobis. Calculation of 5% and 1% points of the classical D? -statistic for different 
values of the number of variates is nearing completion. A table of Bessel Functions for different values 
of an imaginary argument has been prepared and will be soon published. < 


STATISTICAL ENQUIRIES 


А large number of enquiries were attended to through correspondence this year, as in previous years. 


Che distribution by subjects and administrative regions of the more important enquiries are shown below :— 


By Subjects : Agricultural 9; Anthropological 2; Educational 7 : Industrial 19 ; Sample Survey 
4; Socio-economie 3; Theoretical 7; Vital 1; Miscellaneous 1 ; Total 53. 


By Regions : Assam 1; Bengal 15; Bihar 1; Bomaby 16; C. P. and Berar ; Madras 


1; Orisa 4; Sind 2; U. P. 6; Total 53. 


Delhi 5 


ARRANGEMENTS IN THE STATISTICAL LABORATORY 


As mentioned in earlier reports, portions of the Statistical Laboratory were removed as an evacuation 
measure in 1912 to Giridih and Baranagore ; and the work of the Institute had therefore to be carried on. at 
three places, namely, Caleutta, Baranagore and Giridih. Тһе Hon. Secretary went to Giridih several times 
during the year, and other workers were also sent there from time to time. Owing to increasing postal delays 
and difficulties of communication arrangements had to be made for important records being carried between 
Giridih and Caleutta by special messengers. The number of workers in Caleutta remained more or less 
stationary on account of lack of accommodation, but the staff at Baranagore and Giridih had to be steadily 
expanded to cope with the increasing pressure of work. 


NUMBER ОЕ WORKERS 


Tho number of workers employed on a monthly basis was 81 and the number of piece-rate workers 
17 onthe Ist April 1943. During the year under review 331 new appointments were made on a monthly 
basis and 142 as piece-rate workers while 141 on monthly basis and 130 piece-rate workers left the Laboratory 
so that on the 3lst March 1944 the year closed with 271 workers on a monthly basis and 29 piece-rate workers 
with a total strength of 300 workers in all. The average strength of workers was 80 in Calcutta, 61 at Bära- 
nagore, and 65 at Giridih during the year under review. 


INSTITUTE STAFF 


K. R. Nair, Birendra Nath Ghose, Jitendramohan Sen Gupta and Mrs. Chameli Bose worked in 
Caicutta most of the time; №. T. Mathew was in charge of the Giridih Branch during the whole ofthe year 
under review. Rajchandra Bose, Samarendranath Roy and Purnendu Kumar Bose although working as 
whole-time teachers in the Post-graduate Department of Statistics of the Caleutta University. maintained 
their intimate contact with the Statistical Laboratory and shared fully in its activities. In the Computing 
Section, Nimaicharan Ghose and 5. Raja Rao 88 by Sambhu Nath Haldar, Arun Kumar Ganguli, 
Suresh Chandra Sarkhel, and Shyamsundar Bose, were in general charge of the work in Caleutta and Bara- 
nagore, while Jitendra Nath Taluqdar with Haribhajan Chaudhuri assisted by Dhirendra Chandra Sarkar’ 
looked after the computing work at Giridih. Among old workers Sudhir Kumar Banerjee, Heremba Chandra 
Ghosal, Subodh Chandra Das Gupta, Jaladhar Sarma, Gayanath Adak, Sarat Chandra Mitra, Probhat 
Chandra Sinha, Debabrata Dutta, Sukumar Hazra, Purna Chandra Ghosh, looked after various 
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Baranagore and Giridih. М. К. Dutt has been appointed as Assistant Secretary E 
à : | i г Е " " 
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‚ ; los Єл ар І 
Women's Section in Calcutta : А women's section was started in Caleutta after the Sue 
omen's Se 
iment at Giridih. The women workers, about fifteen in number, are 
experr = З Е 5 
An organizer has been appointed and put in charge of this section. 


home and do it there, and some work regi 


being paid on the Piece rate basis. 
не 
Some of these workers take their work 


ularly under the supervision of the organizer. 


Changes in staff : During the year under review 
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list of the technical apprentices is shown in Appendix 3. | 
BRANCH Laboratory AT СИвили 
The year 1943-44 Was one of steady expansion at Giridih, The number of workers started with 43 
in April 1943 and increased to 155 in January 1944, PEE 


N. P. Mathew. 


Laboratory throughout the ye d on his work 
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each item. Payment however is not made only on the basis of output, accuracy is also taken into considera- 
tion and suitable deductions are made for mistakes in caleulation. The system has worked successfully and 
ible to provide work on piece-rate basis for from 50 to. 75 per cent of the total number 


it has been found pos 
of workers, 


Women's Section : One advantage of the piece rate system is the possibility of Supplying шын 
items of work to women who could not keep regular hours, but could devote a certain amount of time during 
leisure hours at home. In the beginning all the women workers used to work at home, but gradually a number 
of them began to attend the Laboratory regularly at first on a piece-rate basis and later on some of them 


attended as whole-time workers. 


Training Section : At Giridih great difficulties had to be faced due to shortage of 5 hands 
especially in January when the staff had to be more than doubled all on a sudden from 72 to 155 in order 
to cope with the Bihar Crop Survey work. This led to the initiation of organized training courses for compu- 
ters, and such training was given to about 30 workers including three women in February and March. 


Library : Аз mentioned in earlier reports the main library and valuable records were removed to 
Giridih early in 1942 as an evacuation measure and have been stored there for the present. From Giridih 
nearly 4.000 pages of photoprints of books and articles were sent to Calcutta for the use of workers ux 
The preparation of a classified catalogue with author and titles was taken in hand and was DID 
smoothly. In spite of limited resources а circulating-library of general literature was started at Giridih in 
1942 and has been working successfully. 


Bihar Crop Survey : The bulk of the preparatory work of the Bihar Crop Survey was done at 
Giridin. This was started early in December, The work had to be expanded rapidly in January and about 


50 workers were trasferred from Calcutta to Giridih for this purpose and a large number were recruited 
locally. At the end of January the total number of workers at Giridih was about 155 among whom more 
than 90 had to be provided with both food and lodging. Lack of accommodation was a great difficulty. 
At the instance of the Government of Bihar, the Deputy Commissioner, Hazaribagh, placed at out disposal 


gra F = i T esent oc ied 
buildings and premises belonging to one Mr. Myers situated very close to the premises at present occupiei 
by the Institute. This however 


not adequate, and an application has been already submitted for the 
acquisition of land near the Institute premises and as soon as possession is obtained of this land it is pro- 
posed to put up additional buildings. 


Other activities : The Hon. Seeretary during his stay at Giridih in October 1943 gave a series of 
12 lectures followed by discussions on the history of statistics with special reference to the work of Karl 
Pearson and his school. A large number of statistical workers and university teachers who were present 
at Giridih attended these meetings which often continued for two or three hours at a time. At the end of 
October 1943 the workers of the Statistical Laboratory at Giridih staged Rabindranath Tagore’s play 
Vaikunther Khata in Bengali in aid of the Bengal Famine Relief Fund : the Hon, Secretary took the part 


of Vaikuntha. A sum of over Rs. 1,200 was collected and has been handed over to famine relief organi- 
zations. 


BRANCH LABORATORY AT BARANAGORE 


Early in 1942 it had been decided to remove a portion of the Statistical Laboratory to Amrapali, 
the Hon. Seeretary’s garden house at Baranagore, as a safety measure against the contingency of our baing 
requested to vacate the rooms in the Presiency College, Calcutta. In 1943 owing to expansion in our acti- 
vities the computing staff had to be steadliy increased, and, as no further accommodation was 
availabe in the Presidency College, more and more men had to be transferred to Baranagore from 
Calcutta so that during the preparatory work for the survey of paddy in Bengal in 1943 the total 
number of workers increased to over 100 at Baranagore. Even this was not enough, and a new shed 
for computing work was built in October 1943 which increased the accommodation appreciably. At present 
the bulk of the primary computational work of the Bengal Crop Survey is being done at ‘Baranagore ; and 
over 3,00,000 C.S. village maps are stored there for this purpose. The Central Store of the Institute has 


i kers at 
been removed there, and a separate office has also been organized. The total number of Мо "S 
“Paranagore increased to over 150 in February 1944. А number of workers live in the premises wi 


E ] и ; ors them- 
Hon, Secretary and Mrs. Mahalanobis ; they all have food from a common kitehen run by the 1 — г А 

: Б А . ri necom- 
selves. Two othor messes for workers are run in renteed houses in the neighbourhood and provide 
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TRAINING WORK AND EXAMINATIONS IN STATISTICS 

During the war emergency it is natural that officers would not come for training or consultation, 
specially from outside Bengal, so freely as in the pre-war days. Still a fair number of them came here for 
training or scientific consultation and a complete list of such officers is shown in Appendix 2. К. R. 
Nair was in charge of this section up to 6th February 1944, and Birendra Nath Ghosh from that date. As 
regards the standard training course run by the Institute, which also suffered owing to the war emergency, 
wo had six students in all, but mostly they stayed for a shorter period than the full session of one year 
as they were either absorbed in the Institute staff or they accepted employment elsewhere (Appendix 3). 


Institute Examinations in Statistics : In spite of the war emergency, Computer's Certificate 
Examinations were held from 13th to 17th August 1943, in which 19 candidates appeared of whom 9 were 
successful. The Board of Examiners consisted of Professors К. B. Madhava, U. S. Nair, P. C. Mahalanobis 
and Messrs. В. C. Bose, S. N. Roy and К. В. Nair. It is proposed to hold these examinations again in the 
near future. 


VISITORS 

As in previous years a large number of visitors came to the Statistical Laboratory during the year 
under review. Among them was Prof. A. V. Hill, F.R.S., M.P., Secretary, Royal Society of London, who 
looked into the work in the Caleutta Laboratory and also spent several hours at Baranagore where he saw 
the arrangements made for the large staff engaged on the Bengal Crop Survey Scheme. Sir C. D. 
Deshmukh, Governor, Reserve Bank of India and опо of the Vice-Presidents of the Institute saw the work 
both in Caleutta and at Baranagore at close quarters. Another distinguished visitor was Dr. Shing Shen 
Chern a member of the Chinese Academy who had come to India for a short visit. During the year under 
review contacts were also established with a number of Army Officers interested in the application of 
Statistics to various subjects. 


Local, BRANCHES OF THE INSTITUTE 
Up to the time of going to the press, we received the reports of the following branches, and short 
summaries of their activities are given below. 


Delhi Branch : "Тһе Delhi Branch, though only in its second year of existence, has been carrying 
on its activities with energy. Thanks are due to the authorities of the Hindu College, who are allowing 
the Branch to hold its meetings in the College premises. Election of office bearers and members of the 
Executive Committee took place on 26th October, 1943 with Sir Shri Ram in the chair. Sir T. E. Gregory, 
Economie Adviser to the Government of India, was elected President, Dr. P. V. Sukhatme Treasurer, 
and Mr. G. В. Seth, Secretary of the Branch. The following three lectures were arranged during the year, 
all of which were well-attended and were followed by lively discussions :— 

(1) Statistical Engineering in Business Organization by Mr. M. V. Divatia. 

(2) A Study on the Comparison of Milk by Dr. P. V. Sukhatme. 

(3) Large Scale Sample Surveys by Mr. К. В. Май. 


Lucknow (U. P.) Branch : During the year 1943-44, this branch has been conducting an investiga- 
tion into the standard of living and social conditions of the middle classes in Lucknow City. Two investiga- 
tors have been appointed and have collected data from 500 families by random sample method in respect 
of the size of the family, diet, fertility, income, literacy, housing, sickness etc. The data collected are now 


being analysed and a report will be ready shortly. Prof. Radhakamal Mukerjeo was in charge аз 
Secretary of the Branch. 


Poona (Deccan) Branch : Prof. V. G. Kale continued to be the Chairman of the Branch. Prof. 
D. G. Karve who ably filled the office of the Local Secretary for the last 12 years, laid down his office in 
January 1944, and Mr. N. V. Sovani was elected as the new Secretary. The number of life-members increased 
ta 12 this year. The members of the Branch were frequently consulted by official and non-official agencies 
in connexion with rationing, price control, procurement of food grains, etc. 


Mysore Branch : The Branch worked, as usual, in collaboration with the departments of Statistics, 
Economies, and Psychology of the University of Mysore. Five meetings were held in the year ai uns 
papers were read and diseussed. Ап exhibition was arranged at which computing machines, charts and 
diagrams, schedules of certain statistical enquiries and portraits of leading statisticians were on view. 
Prof. K. B. Madhava was Secretary during the year under review. 
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е Bengal Crop Survey Scheme. 

Photo record apparatus : We offer our thanks to the Royal 
kindly agreed to keep in our custody their photo- record camera w 


photographs of papers and documents on cinema films. 
free of charge of valuable documents belonging to the Asi 
valuable non-commercial documents 
of cost of materials, 
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APPENDIX 1. LIST OF PAPERS PUBLISHED AND REPORTS 
SUBMITTED IN 1943-44 


BHATTACHARYA, А. On Some Sets of Sufficient Conditions leading to the Normal Bivariate Distri- 
bution. (Sankhya, 6(4) 1944). 

A Note on the Distribution of Sum of x?'s (Sankhya, 6(4) 1944). 

Bose, CuawELr Note оп the Sampling Error in the Method of Double Sampling. (Sankhya, 6(3) 1943). 

Bose, Рокмехро. On Confluent Hypergeometric Series. (Sankhya, 6(4) 1944). | | 

Bose, PunxENDU AND Rao, S. В. On the limiting forms of statistical distributions. (Science and 
Culture, 9(9) 1944). 

Bose, R. C. The problem of balancing in symmetrical factorial design. (Ind. Sc. Congress. 1944). 

Fundamental theorem of linear estimation. (Ind. Sc. Congress. 1944). 

Снозн, BIRENDRANATH. On some artificial fields and their correlation Function. (Science and 

Culture, 8(10) 1943). 

On random distances between two rectangles (Science and Culture, 8(11) 1943). 

On two types of correlation function (Science and Culture, 9(1) 1943). 

On sampling in unknown fields (Science and Culture, 9(3) 1943). 

On the construction of some natural fields (Science and. Culture, 9(5) 1943). 

Some studies in Mahalanobis’ Correlation Function (Ind. Sc. Congress. 1944). ^ 
ManaraNoni, P. C. An Enquiry into the Prevalence of Drinking Tea among Middle class Indian 
Families in Caleutta (Sankhya, 6(3) 1943). 

Multi-Stage Sampling (Ind. Sc. Congress. 1944). , 
—  Reporton the Regional Survey of Borer Pests of Sugarcane. Parts 1—9 (Submitted to- 
Imperial Council of Agricultural Research). 

Final Report on the Sample Census of the Area under Jute and Aus Paddy in Bengal 1943. 
(Submitted to the Government of Bengal). 

Preliminary Report on the Sample Census of the Area under Aman Paddy in Bengal 1943. 
(Submitted to the Government of Bengal). » 
ManALANOBIS, P. С. anp бнозн, Впюховлмлтн. Statistical analysis of data relating to incidence 

of pests and diseases on different varieties of Sugarcane (Indian Statistical Conference. 1943). 
Matuew, N. T. Lines on the Human Palm. (Sankhya, 6(3) 1943). 
Nam, K. R. Certain Inequality Relationships among the Combinational Parameters of Incomplete 
Block Designs (Sankhya, 6(3) 1943). 

А Note on the problem of K-Samples (Current Science, 12 1943). 

The Recovery of Inter-block Information in Incomplete Block Designs (Sankhya, 6(4) 1944). 
Nam, К. R. AND BANERJEA, K. S. A note on the fitting of straight lines when both Variables are: 

subject to error. (Sankhya, 6(3) 1943). lock 
Nawpr, Н. К. Note on the Enumeration of Non-isomorphie Solutions of Balanced Incomplete Bloc 
Designs (Ind. Sc. Congress. 1944). 
Вло. С. В. Certain experimental бы in quasi-Latin Squares. (Current Science, 12(12)1943) 
Generalised Variance of Populations (Ind. Sc. Congress. 1944). / : al 
Rov, S. N. Multivariate analysis of variance when the number of populations 18 less than or equi 


to the number of characters. (Ind. Sc. Congress. 1944). es 
Roy, В. N. AND BOSE, PURNENDU. Bernoulli's theorem and its analogue deduced from у“ 


theorem (Ind. Sc. Congress. 1944). i distribu- 
Sew Gurra, J. M. A note on adjustments for first and second moments in а grouped frequency 
tion split up into sub-sections (Sankhya, 6(4) 1944). 
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APPENDIX 2. OFFICERS ON DEPUTATION FOR TRAINING AND 
SCIENTIFIC CONSULTATION : 1943-44 


1. S. M. Sankan, Ph. D. (Lecturer in Botany, Calcutta University) February, 1943. 
2. S. P. Boss, B.Sc. (Wales). (Institute of Rural Reconstruction, Sriniketan, Birbhum) April, 1943. 
3. Мр. Авров RAHAMAN, M.Sc. (River Research Institute, Bengal) May, 1943; Feb. and March, 1944. 
4. I. B. CHATTERJEE, M.Sc..(Ag.), L. Ag. (Physiological Chemist, Government of Bengal, Dacca) May, 1943. 
5. Р. В. Ray, M.Sc. (Statistician, Department of Agriculture, Bengal) May, 1943 and March 1944. 
6. K.P. Рила, M.Sc. (Physiological Assistant, Ravenshaw College, Cuttack) June 1943 ; Jan. Feb., 
March 1944. 
7. А. К. СнНАКВАУАВТУ, M. Se. (Rice Research Officer, Bankura) June 1943. 
8. S. HEDAYETULLAH, Ph.D. (Cantab) (Economic Botanist, Department of Agriculture, Bengal) Juno 1943. 
9. P. B. BHATTACHERJEE, M.Sc. (St. Stephen’s College, Delhi) 21 June to 19 July 1943. 
10. J. B. Матнов, Dip. Hort. (London, Wye) (Horticulturist, Orissa) 2 July to 2 October, 1943. 
11. Suprata Sen, M.Sc. (Department of Agriculture, Bengal) 14 July to4 August and 1 to 9 October 1943. 
12. S. C. СнАККАУАВТҮ (Rice Research Officer, Chinsura) 21 July 1943 and 18 August 1943 and 14 
February 1944. 
13. P. G. Сноурновх, M.B., D.P H., (бир. of Vital Statistics, Public Health. Dept. Bengal) July 1943. 
14. J. R. Par, B.Ag. (Assistant Rice Research Officer, Bankura) 29 July to 6 August 1943 and ll 
September to 15 September 1943 and 18 March 1944. 
15. M. C. CHAKRAVARTY, M.Sc. (Lecturer in Statistics, Dacca University) 28 September to 27 October 1943. 
16. SuprokasH SEN, M.Sc. (Imperial Veterinary Research Institute, Mukteswar, U.P.) October, 1943. 
17. BALAKRISHNA Nayar, M.Sc. (Assistant Marketing Officer, Government of India) December 1943. 
18. М. С. Tewari. (Imperial Veterinary Research Institute, Mukteswar, О. P.) 12 October, 1943 to 12 
February, 1944. у 
19. BAV ABRATA Sen, B.Sc. (Edin,) (Statistician, Indian Tea Market Expansion Board) Webruary, and 
April 1944. . 

20. N. C. Sen Gurra, D.Sc. (Burmah Oil Company (India) Ltd.) Working from March, 1944 
APPENDIX 3. STUDENTS IN THE TRAINING SECTION AND 
TECHNICAL APPRENTICES: 1943-44 

1. Miss AMITA Cnuoupuury, M.A. (Dacca) April 1943—June 1943, 
2. Mp. FASHIUDDIN, М.А. (Aligarh) July 1943—(Still working). 
3. S. JANARDAN Port, М.А. (Benares) July 1943—January, 1944. (Institute staff.) 
4. T. V. RaxcARAJAN. В.А. (Madras) July, 1943—August 1943, | 
5. К. УЕМКАТА KRISHNAN, В.А. (Hons.) (Madras) August 1943—November 1943 
6. Sati Kumar Ray CHOWDHURY, M.A. (Calcutta) September 1943— October 1943 
7. бозни, KUMAR BANERJEE, М.А. (Calcutta) February 1943—January, 1944. à 
8. B. HARINARAYANA. M.Sc. (Calcutta) March 1943—October 1943. | 
9. N. В. RAMASUBRAMANIAN, B.Sc. (Madras) March 1943— December 1943. 

10. V. RAMACHANDRA Rao, M.A. (Andhra) March 1943—January 1944, 

11. MaxiNDRA Nara Снозн. M.A. (Calcutta) April 1943—November 1943. 

12. NIRMAL KUMAR CHAKRAVARTY, M.A. (Calcutta) September 1943— 

13. HARIKINKAR Nanpy. M.Sc. (Calcutta) September 1943— 

14. K. C. CHERIYAN, M.A., M. Sc.? (Madras) September 1943— 

15. R. P. BuaRGAVA, M. Sc. (Allahabad), M.Sc. (Calcutta) November 1943.— 

16. C. RADHADERISHNA Rao, M.A. (Andhra), M. A. (Calcutta) November, 1943. 

17. Raw KRISHNA MooxnRERJEE, M.Sc. (Calcutta) January, 1944— 

18. т SANKAR CHATTERJEE, M.A. (Calcutta) February, 1944— 


GOUR: 
_ лм MA (Calcutta) February. 1944.— 


INDIAN STATISTICAL INSTITUTE 


PROCEEDINGS OF THE COUNCIL OF THE INDIAN STATISTICAL 
INSTITUTE DATED 29th APRIL, 1944. 


A meeting of the Council of the Indian Statistical Institute was held at 3 P. M. on Saturday the 29th 


April 1944 in the Statistical Laboratory, Presidency College, Calcutta. 

The Hony. Secretary stated that a telephone message was received from the house of Mr. N. R. 
Sarker, President, stating that Mr. Sarker had become suddenly indisposed and regretted his SOHO 
attend the meeting. 


Present. : 


Mr. B. B. Das Gupta was voted to the Chair (in the absence of tho President). Bun 
K. B. Madhava, Mrs. Chameli Bose, Messrs. Raj Chandra Bose, Samarendranath Roy. Prof. Khagendra 
nath Chakravarti, Dr. Harish Chandra Sinha, Prof. 5. №. Bose, Prof. P. C. Mahalanobis (Hony. Secretary) 
and Mr. Haricharan Ghosh. 


l. Proceedings of the meeting of the Council dated 30th September, 1943; 4th January, 9th 
February, and the 21st February 1944 were read and confirmed. 


3. Election of Members : The following gentlemen were elected ordinary members of the Indian 


Statistical Institute for the year 1944-45. 


Mr. Sydney John William Wells, **Nev-Del", 29, Kensington Street, Haberfield, N. S. W., 
Australia; Mr. Debidas Mazumdar, Calcutta ; Kumar Bimal Chandra Sinha, Calcutta ; 
Krishnadas Mansingh Lalla, Digboi. Assam. 


3. Bengal Crop Survey Scheme 1944-45 : Considered item No. I(iii) of the Finance Committee 
dated 27th April 1944. It was reported that the scheme for a sample survey of сгорз in Bengal covering 
both the summer-monsoon and the winter seasons in 1944-45 at an estimated cost of Rs. 4,20,000/- (inclusive 
of dearness allowance at 1943 rates which however would be modified in ease any changes were made in the 
seale) had been approved by the Government of Bengal. The Hon. Secretary mentioned that the Govern 
ment of Bengal had agreed in No. 2071 D.C.S. dated Calcutta the 17th March 1944 to place the part-time 
services of Mr. N. C. Chakravarti, B.C.S., at the disposal of the Institute as part-time Superintendent of 
Statistical Surveys especially for the Field Branch and had permitted him to receive a fee of Rs. 150/- per 
Month out of Institute funds. The Hony. Secretary also stated that certain changes in the number and pay 
of the field staff had been considered necessary by the Superintendent of Statistical Surveys and certain 
modifications were proposed to be made within the limits of the grant. 


Resolved that the Hon. Secretary be requested to place the revised budget before the Finance 
ements for the 


Committee in due course, but in the meantime he be authorised to make all necessary arran 
Bengal Crop Survey Scheme. 


4. Bihar Crop Survey Scheme : Considered item No.I(ii) of the Finance Committee dated 27th 
April 1944. In continuation of earlier reports the Hon. Secretary stated that the preparatory work forthe 
Bihar Crop Survey was completed early in February. He sent 72 of the Bengal field staff on loan to Bihar 
and 108 men were recruited locally by the l of Bihar. The field survey started on the 12th 
February 1944, and was closed on the 13th April. The Hon. Secretary went to Patna on the 23rd March, 
and had a long interview with Н. E. Mr. Mudie, Governor of Bihar, on the 24th and other officials. He then 
EU to inspect the field work on the 24th and 25th at Bikramgunj in Shahabad district where conferences 
With statistical and field workers were arranged. The exploratory survey was carried out. with such. great 
Success that in consultation with Rai Bahadur S. P. Sinha, Superintendent of Statistical Surveys. b wee 
decided to organize а full scale provincial survey in the next bhadoi season thus stepping up the onginel 
Programme by 16 months. A definite scheme at an estimated cost of six lakhs of rupees (including з: 
Вв. 2,48,000 for statistical work to be given as a block grant to the Institute) had been abten " E: 
‘Government of Bihar. An application for aequistion of land at Giridih had been submitted and it was 
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believed that necessary action was being taken on it by Government. Because of the stepping up of the- 
programme, 200 or more workers would have to be accommodated at Giridih ; pending acquisition of land 
it might be necessary to put up additional rooms in houses rented by the Institute, 


* 
Resolved that the recommendation of the Finance Committee be accepted and the Hon. Secretary 
be authorized to take all necessary action in the Bihar Crop Survey Scheme and that the proposal to increase 


accommodation in rented buildings on the lines suggested by the Hon. Seeretary be approved in principle 
and he be requested to submit a detailed scheme to the Finance Committee be 


fore actual construction work 
is started. 


5. Journal Committee: Resolved that the Journal Committee be reconstituted as follows for one 
year with powers to co-opt :— 


Prof. S. N. Bose, Prof. K. B. Madhava, Dr. H. Sinha, The Hon'ble Mr. 


Justice T. J. Y. Roxburgh. 
Dr. P. V. Sukhatme, Mr. R. C. Bose (Secretary) and Prof. P. C. Mahalanobis (Editor). 


6. Finance Committee: 
year with powers to co-opt :— 

The President, Treasurer, & Secretary, Prof. К. В. Madhava and Prof, К N. Chakravarti (Joint 
Secretaries), Prof. Н. C. Ghosh Mr. B. B. Das G 


upta, Mr. N. С. Chakravarti, Mr. Satyend th Ray, Mr. 
Samarendranath Roy. (Three to form quorum), atyendranath 3 


Resolved that the Finance Committee be reconstituted as follows for one 


| T 3 iis Membership fees and Subscriptions for Sankhya : Considered the question of in- 
creasing the subscription for Sankhya and the subscription of 


) 

members (wH i sankhya free! 
on account of the abnormal rise in the price of paper, stationery and еа 10 аге supplied Sankhy 

Resolved that an increase in the subscription for Sankhya from Rs 


of, 
4 parts and Rs. 9/- per single part be approved 


20/- to Rs. 30/- per ie. 
Council recommends to a 
ased from Rs. 15/- to Rs. 2 


ges in the R Я it- 
ted to the General Meeting of the Council for du the Provident Fund be approved and be subm 
requested to make necessary arrangements le 


for th Also resolved that the Finance Committe? n 
2 no mai í ог! 
working of the Provident Fund. Mnfenance of the ledger and supervise tho gen 


- 


CHANGES IN THE RULES op THE Proy: 


Rule As now Existing 


IDENT Funp 
Ru Proposed Modification 


Brief statement of rons0" 
iji ‘ for change. 
7(iii) "Before the 10th day At the end of Financial year” 8 pt on 
Of every REORUM To avoid unnecessary adj чё рол? 
account of members who With iso 
n the courso of tho year, amotio! 
“on the same or next “From time to time? О render the work more P пот 
working day It is not practicable to do LÀ nob 
Tequired in the Rules an 
in i А 
9() “Board of Trustees" “Council of the Institute” Practice being done. 


iver 
Associations suchasCaleutte Ооой” 
aa Provident Fund, Indian 
ion 1 1 0 
“All decisions of the “their decisions" or the Cultivation 
Board of Trustees” 


once 
81600" 


ай. 
Asiatic Society of Bengal ing of 
the final ШЫЙ апа vesti nen 
Property in their respective ot i 
cils: of Management an 
Trustees, There are in thes? 
no Trustees, 
e at their dis- 


the Trustees” 


(i) “Trustees at their dis- “Council of the Institut 
retion? cretion on the advice of 
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10. At the beginning of the Add the words “with the approval 
Rule of the Council of the Institute.” 


19. At the end of the Rule Add the words "which will be effec- 
tive after the approval of the Council 
of the Institute is given thereto” 


18. At the end of the first Add the sentence "Any surplus re- This was an omission in the existing 
sentence maining in the Provident Fund out of Rules. 
the Employer's contributions forfei- 
ted to the Fund shall vest in the -> 
Fund, and the Council of the Institu- 
te shall from time to time deter- 
mine and dispose of such surplus” 


l4(i) Under item “Period of Substitute the word “Three years or The change will not affect present- 


service : (1), (2) & (3) less. . ... Nil” and renumber (4) to members. It will only affect future 
(8) as (2) to (6). entrants and the modification is 


intended to induce them to serve 
sufficiently long. 


9. Population Data Committee: Considered item No.I(iv) of the Finance Committee dated 27th 


April 1944. At the request of the Government of India the Hon. Secretary had gone to Delhi at the end 
of March for a joint discussion with Mr. S. Н. Oulsnam, 1.С.8. (Joint Secretary, Department of Education, 
Health and Lands), 14. Col. E. Cotter, I.M.S. (Public Health Commissioner), and Mr. M. W. M. Yeatts, 
I. C. S. who had acted as Census Commissioner in 1941. As a result of this discussion the Government of 
India, was to appoint a Population Data Committee with a view to examine and advise Government on 
data relating to the growth of population in India. The Hon. Secretary had suggested that the statistical 
work in the present connexion be done in the Institute for which a suitable block grant would be sanctioned 


by the Government of India, and had also made certain suggestions about associating Prof. Madhava with 


the work. 


Resolved that the recommendation of the Finance Committee be accepted and the action taken by 
os Hon. Secretary in regard to the Population Data Committee be approved, and he be authorized to make 
all necessary arrangements in this connexion in anticipation of sanction by the Council. 


" 10. Superintending Statistician : Considered item No.I(v) of the Finance Committee dated 27th 
April 1944. 


ics Resolved that the proposal of the Hon. Secretary be approved and that the senior workers in charge 
of Giridih, Caleutta and Baranagore Branches of the Laboratory be called Superintending Statisticians, 
and that Rs. 300/- per month be sanctioned for special allowance of these posts. 


ll. Bursars : Considered item No.I(vi) of the Finance Committee dated 27th April 1944. For 
oe than two years Prof. Haricharan Ghosh had ungrudgingly undertaken the heavy and onerous task 
руз сы passing all bills for payment. The volume of work was however increasing appreciably 

Е ‚ Secretary suggested that arrangements should be made to have the work done by one or two 
part-time Bursars for which a part-time allowance might be sanctioned. 


Resolv з z 
NER. ч that the recommendation of the Finance Committee be accepted and Ез. 200/- per month 
с > В і 
toned’ for payment of part-time allowance for the scrutiny and payment of bills. 


"^ е Council-places on record its deep appreciation of the services rendered by Prof. Haricharan 
sh for more than two years in scrutinizing and passing all bills in a purely honorary capacity. 


pem Resolved that Prof. Haricharan Ghosh and Prof. Khagendranath Chakravarti be requested to act 
к Do of the Institute for 1944.45 and they be offered a part-time honorarium of Rs. 100/- per month 
or 7 K 8 Е 

т this work and the Secretary be requested to take necessary action in this matter. 


чай ара керин» $ Considered item No. I(vii) of the Finance Committee dated 27th үс 
Hotelling = - В. A. Fisher hach been invited to come to India as Visiting Professor in 1937-38 and Prot: . 

ote!ing in 1939-40, but the programme was kept in abeyance under war conditions. Asa result of informal 
discussions with Prof. A. V. НШ, F.R.S., Secretary of the Royal Society, London, and Government of India 
officials the Hon. Secretary thought that it would be desirable to revive the practice. 


1944, 


Resolved that the proposal be approved and Hon. Secretary be authorized to take necessary action. 
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13. On the recommendation of the Finance Committee Dres 27th Apu 1944 — — 
Security асоба with the Imperial Bank of India, Calcutta, be opened wiih secuvition such ав Рей - € 
| , f taking overdraft from the current account ‘В’ of the Indian Statistical ШИНЫ with pats 
p аера 25,000/- (Rupees twentyfive thousand опу). Тһе Security Account will also be operatec 
1 — Prof. P. C. Mahalanobis. He shall have also the power to withdraw, transfer or 


negotiate such securities as are being deposited in the above mentioned account from time to time. 


14. Rules for the Acceptance of Block Grants : 


Considered item No.I(viii) of the Finance Committee 
dated the 27th April 1944. 


Resolved that the attached rules for the acceptance 
and be brought into immediate effect and that all authorities 
1944-45 be informed accordingly. 


of block grants to the Institute be approved 
proposing to make project grants for the year 


RULES ror ACCEPTANCE or BLOCK GRANTS 
(1) Block Grants for projects or specific 
Institute on the clear understanding that the actual 
the Institute. 


enquiries would be accepted by the Indian "mp 
l work would be done on a unitary basis by the staff o 


(2) The accounts of the Institute would be 

ment of accounts certified by the auditors and endo 

authority making a block 
to accounts. 


audited by a firm of Chartered Accountants and a state- 
rsed by 


the Hony. Secretary would be submitted to each 
grant and should be acceptable as fulfilling the conditions of the grant in regard 


(3) Separate accounts and vouchers would be maintained for e 
cular projects as far as practicable but all charge: 


accounts and vouchers cannot be 
kept will be allocated to differe 


p є ‘ith the 
authorities of the Institute in consultation with th 


i i | is regard 
hall be final cil of the Indian Statistical Institute in this regat 
shall be final. 


(4) Since all projects and s 


pecifie enquiries are undertaken 
Institute all stock purchased such а: 


в maps, stationery, 


0 
as an integral part of the work of th 
Institute and charges on this account would 


e 
would remain the general stock of m 
to different Projects or gr 


furniture cte, 
be allocated 


'ants as provided in rule(3)- 
(5) Travelling expenses and other 


wherever practicable but where journeys ar 
allocation of the charge would be made by t 


incidental charges would be suppor 


е undertaken for the benefit of mor 
he appropriate Institute 

(6) As the work of the Institute i 
Institute staff without specifie allocation to 
leave granted even after the conclusion of pi 
time a consolidated charge of 16} per cent 
account of leave and provident fund contri 


ted by exclusive vouchers 
e than one project suitable 
authorities at their discretion. 
s carried out on а unitary basis all employees are engaged ӨР 
particular proje: з and as tho staff have io be maintained and 
їз on which they might be 
paid out аз salaries to в 


ited to the Reserve К 


cts 
articular projec 
of the amounts 
bution and ered: 


(7) In undertaking any project work certain services and facilities in t А nachines 
library and stocks have to be placed at the disposal of each projec i % Way of an 8 
of expenditure for such overhead items being not possible а cale ee Hil dale diis 
machinery, use of library, furniture and value of 


А о 
working from time = 

М 1 
taff be deducted © 
unds of the Institute. 


4 ver 
ing pro rata according to the amounts of the block gr: — 


ene 
lfi s by recove 
кең rom the grants by 


Institute is not a profit-making association the balance, 


if any, 
after the accounts of the same are finally adjusted and pa 


of any particul turned 

ssed by cular grant shall be ге 
(9) In view of the fact that Prof. P. C. Mahalanobis, 
desire of looking after projects work in a purely honorary capi 
ing project grants such as the Government of Bengal and t 
an tioned contributions to the Institute in lieu of the ser 


a 
he Institute, has expressed і 
ent, certain authorities d я 
f Bihar have from time to tim 


halanobis. The Council of me 
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Institute have decided that all such contributions would be credited to а fund to be called the "Director's 
Contribution Fund" which would for the present be kept invested in Government securities. This fund 
would be utilised in consultation with Prof. P. C. Mahalanobis for such purposes as the Council may think 
proper. 

Considered item No. VII(i) of the Finance Committee SER 
27th April 1944. In accordance with resolution No.3(c) of the Council dated 21st February 1943 considered 
the following statement relating to the donations received from Prof. and Mrs. P. C. Mahalanobis and бон; 
butions received in cash from different authorities in lieu of the services rendered by Prof. Р. C. Mahalanobis 


15. Director's Contribution Fund : 


in connexion with different projects, 


Donations in cash In lieu of Prof. Mahalanobis's honorary services 


Total 
Rs. A. P. Rs. A. Р. Rs. A. P. 
189 0 0 189 0 0 
600 0 0 600 оо 
600 0 0 600 00 
3,182 11 9 3,482 11 9 
1939-40 2.000 0 0 2,000 0 0 
1940-41 1,200 0 0 1,200 0 0 
1942-43 727 Б 0 11,000 0 0 11,727 5 0 
1943-44 20,166 11 0 20,166 11 0 
Total 5,599 0 9 34,366 11 0 39,965 11 9 


Resolved that the above statements be published аз an appendix to the accounts. On the recom- 


mendation of the Finance Committee also resolved that (a) the whole of the above amount be invested 
in Government securities for the present; (b) a separate account to be called the Director's Соп 
bution Fund" be maintained for the above fund ; and (c) in accordance with the resolution of the Council 
dated 21st February 1944 expenditure out of this fund be ineurred in consultation with Prof, P. C. 
Mahalanobis. 


16. Capital Fund : Considered item No.VII(2) of the Finance Committee dated 27th April 1944. 


Resolved that the recommendation of the Finance Committee be accepted and (a) receipts on account 
of donations, membership fee, leave and provident fund contributions and sundry receipts of the nature 
of capital grants (other than additions to the Director's contribution Fund) be treated as а capital fund ; 
(b) a separate account be maintained for the same in such form as may be considered suitable by the Auditors 
of tho Institute; and (c) that advances made to the General Fund of the Institute out of the above receipts 
be restored at tho earliest opportunity and the total amount be invested in Government securities as early 
аз possible. 


17. Budget Estimate for 1944-45 : Considered the draft budget estimate for the year 1944-45 as 
prepared by the Finance Committee. 


Resolved that the attached budget estimate for the year 1944-45 as modified by discussions in the 
Council be passed. 


18. The Hon. Secretary placed before the meeting the draft Annual Report. 


Resolved that the draft Annual Report be forwarded to the Annual General Meeting. 


19. Тһе Hon. Secretary placed before the Council the Audited Accounts for 1943-44 which had been. 
considered by the Finance Committee on the 27th April 1944 and also statements relating to project and 
other funds. 


Resolved that the Audited Accounts and statements relating to funds be forwarded to the Annual 
General Meeting. 


Й = " А А f 
20. Institute Examinations : (i) To suit the convenience of the candidates and the Board o 


Examiners, resolved that the Institute Examinations be postponed till July gag and be Hon RBS 
be authorized to fix the dates. 
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ii’ dered a letter dated Ist March 1944 from Mr. P. Sata T ^ Simla, 
(i) Consi f . P. Satagopan, Labour Department, Sin 


ting thet since there is a Branch of the Institute at Delhi arrangements be mado for holding Instituto 
suggestin á 
Examinations in Statistics at Delhi. 


Resolved that the proposal to hold Institute examinations in Delhi and outside centres be approv ^ А 
in principle provided necessary facilities are available and that the Hon. Secretary be authorized to make 
such arrangements in this matter as may be found possible. 


a 7 > General 
21. Indian Science Congress Association : Read a letter dated l7th March 1944 from the Genera 


i i represent tho 
Secretary, Indian Scinece Congress Association requesting that delegates be appointed to represent th 
Institute at the next session of the Indian Seience Congress to be held at Nagpur in January 1945. 


А i vi 1: 
Resolved that the Hon. Secretary be requested to select the delegates in consultation with the 
President at the proper time. 


à з " 9th 
22. Contribution : The Hon. Secretary placed before the meeting С.О. No.1030R dated 2 : 
* * 
April 1944 from the Government of Bihar sanctioning a contribution of Rs. 15,000/- annually to the Indis 


are вов of Prof. 
Statistical Institute with effect from 15th November 1943 until further orders in lieu of the services of Pro 
P. C. Mahalanobis in connexion with the Bihar Crop Survey. 


Recorded 


ge " А Я "== she 
23. Resignation of Asst. Secretary : Resolved that the resignation of Dr. Atindranath Bose from th 
post of Assistant Secretary be accepted with effect from the date of expiry of his leave. 


25. Leave : Considered the application dated 25th March 1944 from Mr. K. Raghavan Nair for 
extension of leave till 30th June 1944. d 


T Resolved in modification of Council Resolution No. 7 dated 9th February 1944 that Мг. K. Raghavan 
Nair be granted leave without pay till 30th June 1944. | 


Indian Statistica] Institute : 


е Budget Estimate for the 1944.45 
ЕСЕТРТЗ 
EXPENDITURE 
Opening Balance 
фы 49,036 13 10 Salary of Statistical & Research оо 
Grant from the Governemnt Я Staff 2,83,000 
of India 51,00 Director's Contributions Fund 0 
Grant from the Government . 0.0 ,.,U* Der contra) 30.000 0 0 
Of India for Sankhya 2,000 0 9 Establishment & ‘Travelling 20,000 0 
p eere — tee 1 9 Books & Journals 12,000 0 g 
Goverment of Bengal : 8 2 Laboratory Equipments 7,500 0 
Bengal Crop Surve; 4,07,500 0 о 0 
TV A >07, B " 2 
B. H. H. Flushing Scheme 10,000 0 0 — A ere? (Field Branch) E ri 0 
Government of Bihar : Postage, Printing & Contingen. 15,000 0 9 
e of Prot. 2 0 0 Other Expenses 30,000 0 0 
P. C. Mahalanobis’ Service ап Statistical Conference | 1,000 H M 
Bengal Crop Survey 12,500 irants for 1 cip шап Arrangements 4000 
B. H. H. Crop Cutting 2,500 Bs Miridih Office ities at 5,000 0 А 
Bihar Crop Survey 15,000 30,000 о о Grant for у Рон ete, 2005 0 0 
у В и: кпуа 2 
Contributions to Sankhya TED 0 9 
oe Housing Scheme 30,000 0 0 
Closing Balance in Bank and Cash 45,000 0 
p» Balance in Government, à 0 
5ecurities 
— — ins 30,000 0 — 
8,00,000 0 0 s ттт Жо 0 
В. Das Сорта 8,00,0 
Chairman. 


8 
Р. С. МАндгАнОВ? 


Hony. Secretary’ 
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INDIAN STATISTICAL INSTITUTE 
PROCEEDINGS OF THE ANNUAL GENERAL MEETING 
DATED 29th APRIL, 1944. 


The Annual General Meeting of the Indian Statistical Institute was held at 4 p.m. on Saturday 


the 29th April, 1944 in the Statistical Laboratory, Tresidency 
The Hon. Secretary reported that a message had been received 


College, Caleutta. 
from the house of Mr. N. R. 


Sarker, President, stating that Mr. Sarker had become suddenly indisposed and regretted his inability 


to attend the Meeting. 


In the absence of the President, Prof. S. N. Bose, (Dacca University), was voted to the chair. 


The following members were present :— 
Mr. H. Bhattacharji 


Mrs. C. Bose, B.Sc. за a .. 
„Мг. В. С. Возе, М.А. .. . 
Prof. K. N. Chakravarti, M.Sc. 

Mr. N. C. Chakravarti, M B 
Mr. B. B. Das Gupta, M. 
Prof. Н. C. Ghosh, М.А 
Prof. K. B. Madhava, M.A., 
Mr. 8. М. Ray, І.С.5. .. 


Mr 85 185 Roy, M. Se. as an 
Mr. Sadasiv Sen Gupta, M.Sc., B.Sc. (Lond.) .. 
Dr. Н. C. Sinha, M.Sc., Ph.D. 3 ) sis 
Prf. P. C. Mahalanobis 


Statistical section, D.G.M.P’s office, Dept. of Supply, 
Calcutta. 

Statistical Laboratory, Calcutta. 

Lecturer, Calcutta. University 

Presidency College, Calcutta. 

Special Officer, Revenue. Department, Bengal. 

Special Officer, Finance Department, Bengal 

Calcutta. University. 

Mysore University. 

Financial Adviser, 
Bengal. 

Lecturer, Calcutta University. 

Statistical Officer, E. I. Rly. 

Calcutta. University. 

Honorary Secretary. 


Department. of Civil Supplies, 


1. Annual Report and Audited Accounts : The Honorary Secretary placed before the meeting the 
Annual Repopt and Audited Accounts for 1943-44 as approved by the Council and mentioned that the 
Accounts hud been audited by Messrs. P. C. Nandi & Co., Chartered Accountants. 

Resolved that the Annual Report and Audited Accounts (annexed) for 1943-44 be adopted. 


Proposed by Mr. B. B. Das Gupta 
Seconded by Mr. Haricharan Ghosh 


(Carried unanimously). 


2. Election af Office-Bearers and Members of the Council: Тһе Honorary Secretary reported that 


in accordance with Bye-law 3 for election of office-bears and members of the Council, 


nomihations 


for 1944-45 approved by the Council of the Insjitute had been circulated together with the notice of the 
ro: General Meeting on the 6th April, 1944. Аз the number of nominations was in no ease in excess 
of the number of vacancies, no voting was necessary and no voting paper was therefore issued. 


The election of tho following office-bearers and members of the Council as circulated was then 


annoenced from tho chair. 


President 


Mr. N. R. Sarker, 


Calcutta. 


Vice-Presidents 


Dr. P. М. Вапегјеа, M. 
M n Conde” уе ЭБ M.L.A. (Central), 


Sir ra Ds Deshmukh, C.I.E. 
Sir A. H. Ghuznavi, Kt., M.L. an 
Dr. J. B. Grant, M.D., Dr. a: шша; 


Dr. 5. P. Mookerjee, M.A., B.L., M.L.A., D.Litt. 
Bar-at-law, ESOS qu 

Mr. Chand Mull Rajgharia 

Sir Shri Ram, Kt., m 

Sir G. V. Raman, D.Sc., F.R.S., N.L., ` 

The Hon’ble Mr. Justice T. J. Y. Roxburgh Eu 
Bar-at-law, C.I.E., LCS. 1 

The Hon’ble Mr. Н. S. Suhrawardy, s 5 


Calcutta. 

Messrs. Bird & Co., Calcutta. 

Governor, Reserve Bank of India. 

Messrs. A. Н. Ghuznavi © Co., Calcutta. 

Director, All-India Institute of Hygiene and 
Public Health, Calcutta. 


Calcutta. 


Mica Merchant, Giridih. 
Delhi Cloth and General Mills, Delhi. 
Indian Institute of Science, Bangalore. 


Judge, Calcutta High Court. 9 
Minister in charge of Civil Supplies, 
Bengal. 


Government of 
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Treasurer 
A., B. L., Ph.D., F. Z. S., 
eee Calcutta. 
Secretary 


Prof. P. C. Mahalanobis, .. Statistical Laboratory Calcutta. 


Joint Secretaries 
. Raj Chandra Bose, M.A., TA xs Lecturer, Calcutta University. 
e К. N. Chakravarti, M.Sc., zn Presidency College, Calcutta. 


Members of the Council for 1944-45 . 
Mr. B. P. Adarkar, М.А., 


А s University о] Allahabad. 

Mrs. C. Bose, B.Sc., (London), 2s ss Statistical Laboratory, Calcutta. А ә 
Dr. С. 5. Bose, M.D., D.Sc., 9 ЕА Head of Department of Psychology, Calcutta University. 
Prof. S. N. Bose, M.Sc., 


- ae University of Dacca. Е 
Mr. P. Н. Carpenter, О.В.Е., EI NOS a Director, Indian Tea Association, T'ocklai, Assam. 
Mr. Nihar Chandra Chakravarti, M.A., Special Officer, Revenuc Department, Bengal. 

M-. B. B. Das Gupta, M.A., 


"P 5% Special Officer, Finance Department, Bengal. 
Prof. H. C. Ghosh, M.A., BRS. ЕА University of Calcutta. . 
Mr. J. У. Joshi, M.A., O.B.E., s а Senior Economist, Reserve Bank of India, Bombay. 
Prof. F. W. Levi, Dr. Phil. Nat, © sc * University of Calcutta. 
Prof. John Maclean, 82 x 9 Wilson College, Bombay. 
Mr. A. C. Mukherji, M.A., Dip. de Statistician, F.S.S. Director of Statistics, Baroda State. Baroda. 
Mr. K. R. Nair, М.А., M.Sc., РА рая Food Department, Government of India, 
Dr. K. C. Fortin, ERCP. & S., D.P.H., Deputy Public Health Commissioner with the 
T. M. M udis em Government о India, Delhi, 
Dr. У. К. В. У. Вао, M.A., Ph.D., re University of Delhi. д 
Mr. S. N. Вау, В.А. (Cantab), I. C. S, is Financial Adviser, Department of Civil Supplies, 
Bengal. 

Lx В. за Reds. Ee s Js T Secunderabad. i 

г. Samarendra Nai оу, M. Sc.. къ Lecturer, Calcutta. Uni ity. 
Dr. H. C. Sinha, M. Sc.. Ph.D., xs M Lecturer, Calcutta 3 
Mr. P. V. Sukhatme, Ph.D., D. Se., T Statistician, Imperial Council 


of Agricultural 
Research, Delhi, dii 


3. Recomwendotions from the Council : Considered the reco 
view of the abnormal rise in the price of paper an 
to Rs, 20 per annum for ordinary members Rs. 250 for life me 

‚ Rs. mbe: subscript; Sankhya t 

Rs. 30 per volume of four parts and Rs. 9 for each part with з 1 f^ eae аи 

Resolved that the Proposal be approved, 

Proposed by Dr. Haris Chandra Sinha 

Seconedd by Mr. Samarendra Nath Roy (Carried А sly) 

4. Provident Fund Rules à8 recommended by the Counci i . 
тей i 
Proposed by : Prof, K. B. Madhava нь РР-11-18} be confirmed: 
Seconded by: Mr. В. В. Das Gupta 


5. Appointment of Auditors ; Resolved that Messrs 
be appointed auditors for the year 1944-45 on an ho: 
Proposed by Mr. N. C. Chakravarti 
Seconded by Mr. 8. Sen Gupta 
а t Carri i sly). 
6. Apgointment of Committees Resolved that as recommended b (Carried unanimously) 
Committees be reconstituted as follows : Y the 


Council the following 


(Carried unanimously). 


andi ffl Co., Chartered Acconntants 
0. (3 to 4 quoram) 


. P. C. N. 
norarium of Rs. 60 


(i) Journal Cowmitiee (1 year): Prof, S. N. Bose, Prof, К.В. 
Mr. Justice T. J. Y. Roxburgh, Dr. Р. V. Sukhatme, Мг. R. C. 
Mahalanobis, (Editor). 

(E) Finance Committee (1 year): 
and Prof. К. №. Chakravarti (Joint S 


Midi, Dr. H, Singha, Tho Hon'ble 
989, (Secretary), and Prof. P. C. 


Proposed by Mrs. Chameli Bose 

Seconded by Mr. H. G. Bhattacharji 

S. N. Bose Carried unanimously) 
Chairman Mauaranonis 


H Опотату Secretary, 


Pug. 
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THE LOGICAL INVERSION OF THE NOTION OF THE 
RANDOM VARIABLE 


By R. A. FISHER 
University of Cambridge 
pt of the random variable has been of value in giving formal 
precision to all statements of the theory of probability which depend on the notion of frequency. 
For the definition of such a random variable we require a probability P, such that 0«P«1, 


defined as a function of the variable, in such a way that the definition may involve parameters, 


Che mathematical conce 


(x-8) la 
Зи 


Р (=) = | ga j du т 


in which the distribution of the random variable « is defined, and is dependent on the two 
parameters д and о. Р is then said to be the probability that the random variable shall 
be less than any assigned value w. 

| This definition brings into clear light a point, which has often been indicated by logi- 
cal writers, but which is obscured by the forms of common speech, that in respect of any con- 
crete object or event, the value of the probability will depend on the population to wail, 
for purposes of discussion, that object or event is appropriately deemed to belong. ‘The 
probability, or frequency, with which it rains at Manchester (tacitly including equally all 
periods of the day) is not necessarily the same as the frequency with which it rains at 9 a.m. 
ur Lancashire (tacitly including equally all areas in the Country) ; consequently an evaluation 
e probability, to be mathematically correct, must utilise all the information supplied by the 
Gata, and must explicitly exclude only those elements which in any particular problem are 
known to be irrelevant. Recognising this however, we shall be ER in relation to any con- 
crete event, to evaluate probabilities relevant to that event regarded as a жерО Ый 
hypothetical population to which it belongs, and for which we possess the appropriate infor- 


mation. 
and concrete 


In the observational sciences, the observations, which are particular 
atements 


events, see 8 е are Ж 
ts, seem to be capable of use, and are now freely used, as a basis for probability sti 
ation given by such observa- 


respecting parameters, the values of which, apart from the inform: 
ve been called the tests of 


tons, are unknown. This type of reasoning arises from what ha 
significance, and the probability statements arrived at are distinguished as statements of 
fiducial probability, to avoid confusion with the earlier usage of inverse probability” on the 
basis of Bayes’ postulate. The object has been to arrive at probability statements of practical 
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i "me г ealeulatiniz 
ithout ning Bayes’ postulate, not, of course, to find another method of calculat 
2055 doti | i 1 : are obviously indeter- 
iori ayes, whi at postulate, are obviously 
ilities а ; riori of Bayes, which, without tha 
the probabilities а posterio A 
QUAS, А iti Fgienißennee ; eyman 
In recent times one often-repeated exposition of the tests of significance, by J. Хеу | 
: i sts. seems li; ` ^ athe- 
a writer not closely associated with the development of these tests. seems liable to lead n ч 
; - i i ү is agree г generally 
matical readers astray, through laying down axiomatically, what is not agreed or gen } 
e а b 8 А £ А 


true, that the level of significance must be equal to the frequeney with M = MA on 
is rejected in repeated sampling of any fixed population allowed by Нура hesis. - А an 
axiom, which is foreign to the reasoning on which the tests of significance Hips in fi Я 
seems to be a real bar to progress, for I am not aware that Neyman, or his followers, hi 


succeeded in putting forward any tolerable solution even to the problem of the — Е 
the means of two samples drawn from different normal populations: а satisfactory "t на 
of which was given by Behrens in 1929. The current tables, both those of Sukhatme anc m: 
own, are based on formulae equivalent to those of Behrens though somewhat more genera 5 
The purpose of this note is therefore to diseuss, without prejudice to the questi 
of axiomatic foundations, the process of reasoning 
ness or ambiguity, from forms of statement in which observations are regarded as random 
variables, having distribution functions involving ce 


to forms of statement in which the obser 
butions are found for 


: Е amisit 
by which we may pass, without arbitra! 


rtain fixed but unknown parameters 
vations constitute fixed data, and frequency distri- 
the unknown parameters regarded as random variables. 
In tests of significance we define a class of e 
frequency (5 per cent, 1 per cent ete., according to t 


Е А вой 
vents (samples) having a certain specifies 
population A, of samples to which we 


he level of signifie 
regard the sample obsery 
ficance is to be applied, to belong. This 

all relevant respects ; indeed the 


б 
ance chosen) among 


ed, to which the test of signi- 
population must resemble the sample observed in 
Argument is not impeded if it be taken to resemble the sample 
in all observable respects. 

Thus in testing the significance of the 


mean of a normal 
observed values ау, à, . d 


sample, we have as data the 
w and are concerned to draw what inference 
the mean of the hypothetical normal Population, from Whicl thas observatione forti B 
hypothesis a random sample. It will in this case be sufficient to consider 
samples characterised by the two statisties z and s, and by the 
these by the relations 


f { t 
may be possible abou 


a population of 
5 
ancillary statistic №, defining 


S(r—z): 
The reason for which the limited specific 
that, for given values of N, z and s, the distributio 


ation is Sufficient is that it h 
T is independent of the population ( 


n of any functionally independent statistic 


suppos к А 3 
рор: au pposed пот mal) from Which the sample has been draw! 
The members of this population A of sampl among themselves in the values, 

= themselves she va 


as been show 


es differ 
ADT куж у ы of the parent Populations from which they are 
drawn. In designing a test involving the mean only we ге dave Е м А 
involving + only, the distribution of which is wholly i 


а test or pivotal quantity 
ndepe 


"ndent of the 
is supplied by 


+=(ш—н)+] NJ 8 


parameters. This 
The distribution of this quantity depends on 


N, for the 
isnzN-—1. This is a matter of no consequence, for the 


(T) 


= (у, qu d C a 
2 


r " fi p 
number of degrees of жеше 
functi i 

action of / and N, 


N 
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might equally well have been chosen as the pivotal quantity, and its distribution OSP (!, 
df = dP, is independent of N also. The essential step which we now take is to assert that, 
whatever may be the character of our sample, we shall derive the probability that р shall 
fall in any range from the known probability that P and t shall fall in the ranges corresponding 
Гог these quantities. It is in this sense that we interpret the somewhat paradoxical statement, 


with which the problem at first confronts us, that a sample having known characteristics is a 


random sample of an unknown population. The properties of variable statisties derived from 
observations, defined as random variables with distribution functions given in terms of known 
parameters, are used to establish the connections, (1) and (2), whieh once established serve 
10 give meaning to the situation which we encounter in practice, in which the statistics are 
observable, but the parameters unknown. 


It is instructive to compare the general form of the fiducial argument set out above with 
à special case of great simplicity, suitable for examining its logical cogency. 
Let 4 be the median of a distribution of which nothing is known save that its proba- 
bility integral is continuous (e.g. it need not be differentiable). Let x, and x, be two obeser- 
rations of the variate ; then for any given value of н it will be true that 
(1) in one case out of 4 both 2, and zy wil! exceed the median, 
(2) in two cases out of 4, one value will exceed and the other be less than the 
median, 


(3) in one ease out of 4, both will be less than the median. 


Ifa stands for the number of observations less than the median, then a will be a pivotal 
quantity involvi | я 
d \ntity involving both the unknown parameter and the observations, and having a sampling 
distribution inde > i ith p d 
ribution independent of the parameter, i.e. а takes the values 0, 1, and 2 with probabilities 
1; Бапа 4 respectively. 
К Recognising this property we may argue from two given observations, now regarded 
as xe * ater. р У ili 1 1 
| ж-з parameters that the probability is 1 that и is less than both x, and z,, that the pro- 
bability is 1 lies ееп a, i ility i , 
I 15 oam № lies between x, and a, and that the probability is J that x exceeds both 
a a @ Has ат Ч n = i i i i 
1 and e,. The argument thus leads to a frequency distribution of и, now regarded аз a random 
variate.“ i 
The idea that probability i 
е " а that probability statements about unknown parameters cannot be derived 
rom data consisti -observati illi j is si 
va consisting of observations can only be upheld by those willing to reject this simple 
argument, 
T I do not think that any other interpretation of the known as a random variable of the 
nkno ion: i i 
1 am would be rational and consistent. It is, however, worth while to endeavour to see 
low, long after t 5 з і і isti i i і | 
e sonata he tests had become established in statistical practice, a misunderstanding H 
heir logie should have been possible 
V * gi 1 1 1 1 1 i 
int Now, the derivation of Student's distribution involves the removal of a variable by 
ntegration, i i i isi i ; 
5 gration, in a way which happens to be capable of such misinterpretation. The relation 
etwe X у i ion fi ich it i | 
беп à sample from a normal population and the population from which it is drawn is ex- 
Pressible in terms of two independent random variables, 


this FUP nebo course, given elsewhere ( Obituary “Student” ) the general fiducial distribution for 
NI dpi dps. ..dpx 1 7 
wher, E Pi dpa. ..1рх, Ф > ps > se > PN 
еще ort s аго pivotal quantities defind as the eden oF the population sampled exceeded by 
N observations in descending order of magnitude. | 
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3 
— = 
i that 
where £ is а random variable, such tha: Р L a) 
1 р? T 
ВЕ е de 
6-15 Г 
кг Кы. 


where и is a random variable, with the Eulerian distribution: 


imi i it 
Both random variables involve the unknown parameter c, and to eliminate this we jn 
t=(@—p)y Ns EN һи, so that — 1£*— (/ ), 

s H d respec и 
апа a random variable independent of т may be obtained by integrating, with respect to 
the simultaneous frequency. element 

H —u(14-tn) 
Же э 6 
(2) i 
2 


с-з 


2ufn. и du dt 


leading tothe familiar distribu. 
to the test of significance, that, with the unknown o 
The misunderstanding to which Т refer is that w 
purpose of the integration, as though we nee 
in successive samples from a population with 
€ is in fact used in making the test, 

Such a mistake is of only academ 
but becomes a real hindrance to un 
for example, we hive samples fro 
are both eliminated, giving the sj 
To test whether the means could 


tion of t. It so happens in this case, though it is of no advant - 
‚ the known quantity s is also eliminatec 4 
hich represents the elimination of х as z 
‘led to trace out the frequency distribution of 

"given. This is wholly illogical since s and rot 


case of Student's tests 
complex tests based upon it. When. 
8, their two unknown variances 

ibution of two independent values of /. 
be equal, if / stand for the common mean, we have 
21—881, 7 — / 810. 


‘ » Whence x, 
and, knowing the distribution of tı and t, we are in а position to calculate what value of 
2, —Z, will be exceeded with any cho; 


sen frequency, The view that the 
tion was to eliminate s, and s, 


would naturally require that the fr 
2; — т, whould be determined fcr all sampling values of si and 5, 
25 


with variance o,2/N, +9,2/№, so reintroducing the unknown 0 а 


Bayes method 


= st, 


purpose of the apt 
equency distribution | o 

i.e. аз a normal distribution 
nd o. Reference to c, and g 
Was orig 
ome standard fraction has a value of 2—7 
ч ot, however, a Population of samples drawr in 
succession from some fixed population of unknown Characteristic. Bul ai ! шинди df 
samples (identical with the observed in the whole set Of statistics N N | "i accum 
by the fundamental random-variable relation by which sample and e qi ES possis 


а ment back to the Stage for whi 
puta the аи р: мк inally developed. 
The population of samples of Which s 
exceeding the level found for significance is n 
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THE INDIVIDUAL SAMPLING DISTRIBUTION OF THE MAXIMUM. 
THE MINIMUM AND ANY INTERMEDIATE OF THE 
p-STATISTICS ON THE NULL-HYPOTHESIS 


Bv SAMARENDRA NATH ROY 
Statistical Laboratory, Calcutta. 


INTRODUCTION 


Given two random samples S’ and S” of sizes n’ and z^, and variance and covariance 
matrices jq, drawn from two p-variate normal populations X' and un 
variance and covariance matrices па’, and е”, it was shown earlier by the author (1939): 
and also by others (1939) that the null hypothesis (for the populations) je ll l^] could 
be appropriately tested by a set of p-statistics given by the p roots 11, Kar „e (all positive 
in this particular case) of the determinantal equation in I> a^i; — а = 0. Tho 
joint sampling distribution of these p-statisties on the null hypothesis ai = ijl Was at 
the same time obtained by the author (1939) and by others (1939). The joint distat 
these hy’s(i=1, 2,. . %) on the non-null hypothesis (that is, when 17,1514" W also given 
by the author a little later (1942) and it was found that thisinvolved as population parameters 
p quantities , e. 


and la” 


„ which are all unity when and only when lle’ 3] = 102311 апа 
Which come out as the р roots (all positive in this case) of the determinantal equation in 
к Га", зка" | <0. Closely associated with this is the second problem of multivariate 
analysis of variance which can be stated аз follows. Given samples S, Se, -> S of sizes 
My, ay vee, and mean values z;(7) and variance and covariance matrices d, (where $] 
refer to the different variates, and y to the sample, and i,j, = 1, 2, , рапа» = 1, 2, 31) 
supposed to have been drawn from | p-variate normal populations Ха, X», +++. Xi with mean 
values mj(r) and variance and covariance matrix 51 (supposed to be the same for all 
populations), to test the null hypothesis m,(1)=mi (2) =...= ти (1, (i—1, 2,..., P). This 
is, of course, in terms of one-way classification. The same technique could by a slight. 


twist be used for analysis of variance in terms of multiway and other types of classifica- 
tions. It was shown by the author (1939) that the null hypothesis in the case just men- 
tioned could be appropriately tested (when # > p) by a set of p-statisties tei, tea, otp 
which come out as the p roots (all positive in this case) of the determinantal equation in 
t |, — t 5”, | =0, where 


1 
THU neo): (0)—9)/0—1); "j= X 


r1 


| 
(вез х (6—1) 
PY (1.1) 


rel г 


1 1 
а= 5 т, Br) т, (, J, 2, . ) | 


The joint distribution of these p-statistics fi, ts, . -- tp on the null-hypothesis (1) = 1) = 
mm) (2—1, 2,. . ) comes out to be of the same form as that of Ki, has. by of the first 
problem and was indicated as such by the author(1939) and by others (1939). The distribution 
on the non-null hypothesis m;(1) (2). semi) (i—1.2,...p) was given by the 
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author (1942) a little later and involved as parameter a certain function of p quantities 
5 тр Where т, T ....т?, are the p roots (all positive in this case) of the 
17 es Ы К 3 | р К | 
-determinantal equation in т? | В"; — т: B";;| = 0 where B^; is already defined and 
l П П E 
Bu F т.т (0) ж) (mjo)—2;)(0—1) : m= Sn Mir) X n, "E 
ru r 


rei 
It was noted that ту (= 1, 2. . . . % are zero when and only when 


By = 0 whieh 
happens when and only when m;(1) = mj(2) ==... mal), E= 1,9, а) 


It is also worth 
noting here that while on the respective null hypotheses the joint distribution of js of the 
first problem has the same form as that of tjs of the second problem, the corresponding dis- 
tributions on the respective non-null hypotheses are entirely different. This feature of the 
problem is well-known in the univariate case and is found to be envied over into: the mille 
variate in a manner one would be naturally led to expect. 


The case for / p has also been 
since investigated and the solution will be out shortly. 


In the first case on the null hypothesis the 
Statistics k*,, kt. . 
out as 


joint sampling distribution of the P 


S 1 (supposed to be arranged in an ascending order of magnitude) comes 


enr 


Const. IT kj dl (Le) . 
el 


(Kap) (p-) -I .. (r1 (Ку 
(65) 3 (eye .. (k$ (к) 


X Я 
: s (13) 
kep kpaa e k, k”, 
il 1 1 1 
where А= (n —1)/("—1) (1 A) 
cae in the an case ай the null hypothesis the distribution of 5a £5. s d (supposed 
to be arranged in an ascending order of magnitude) comes out as Ы i 
Va n Ne 
Const u һ»-1 dt,i(Y cu n» 
(4 (л)! às (25) v1 (t, 
(sym? (бут . (Ee (te 
un Uy 425 Р. 
1 1 1 Ї 
where P—(—1)/(N—1) and N= X n, (1.6) 
rs] wa à 


It will be seen that (1.3) and (1.5) are, as noted earlier, exactly of th 
ь à he 
The object of the present paper is to find out the 
maximum statistic kp or tp of (1.3) or (1 


same form, 


sampling distribution of (% the 
Statistic k, or f, of (1.3) or (1.2), 


5), (ii) the minimum 
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and 6%) in general any intermediate statistic kj orf; (J = 2.3. 6, p—1). It is evident that 


one line of investigation would serve for both k's and Гз. The next paper will be concerned 


with the sampling distribution of (/) Ej. kj or BU = 2, 3. . ) — 1) on the non-null hypothesis 


-i Gand (ii) В, 6, and t(j = 2, 3, . .. — 1) on the non-null hypothesis 1181520. 
i 1 iU 1 УІ 


NOTATION AND MATHEMATICAL PRELIMINARIES 


If in (1.3) we put АДЗ = a^; (i = 1. 2. . . „%, then (1.3) reduces to 


Const. n" * * B dx’ 12 gn) 11 : 
=} 
( 5) 1 (art us (а) (uet H 
(ey E .. arn? (tnt 
xP | S | (2:1) 
Xp р v. vy 
1 1 x | 1 
Similarly if we put pii = и”, (Е = 1,2, . . . p) (1.5) goes over into 
Const p "Iona " 3 ха 
onst. П ** ах" (I s 
(pE (ayant .. (c (210 
(eh ( ihne , (unit (a”,)P-2 
х | | | (2.2) 
v^» S 81 s» dÉ. Gh 
1 1 EN 1 


M ‚ (9 
зоа ан (2.2) 1 65 of the same form we сап conveniently, put а, for either a; or wy 
iste Sa (n =p or (L—p—2)/2, and n for either (n'+-n”—2)/2 or (N—1)2. It is 
"i noticed that (n'—p —2)/2 « (n' 4-»"—3)/2 and (L1—p—2)/2 « (N —1)/2, which means that 
m in any case is less than и. We can now write (2.1) or (2.2) in the form 


‚/ p 
Const. II a", dac (1-172, ) 
Ls | 


p! a 11 egt ay д 
my? 25472 .. gt gr? 

Е (2.3) 
р Tp as W а; 
1 1 X 1 1 


It was в 7 ; = ^ 
з shown in earlier papers that, unarranged, each of the Vis or tis varies from 0 to = 


and arranged in an ascending order we have 
Ok LES vo Skp «kho, and Oc. S. ..- <, Sly S co (24) 
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It is ti ern С 2 2.2 ive ` relev; istribu- 

is to be remembered here that (1.3) and (1.5) or (2.1) and (3.2) give the relevant disti 

ed о! W. | di i . Wise, HS 

i 4 nly when the statistics have been arranged ш an ascending order. Otherwise : 
d t in earlier papers instead of the determinan 5 occu ring here we would have hac 

pointe ou 2 р : А t iu 

bsolute values of these determinants coming in. 
a . 


Now from (2.4) it casily follows that 


P 241 
Oe Kan... За, Ci, C op — QAD 


The distribution (2.3) can be conveniently rewritten in the form 


р 
Const. 11 dx, 
i= 
E 2 Spr ad T 
(+r) (Lu) (Lu) 
E: ids qms дү" *p-2 
x (IT) (1 +)" (1+ v)" 2.42) 
á рт рна gU qam 
cx) ее (AT (bz) 
2. m I qa E gu gym 
(I--a,)* GTi) С (UF) Ain 
ог in а more compressed notation 
Const. ть, "3 p: трд, N 3 *.. 1: My N ; ae: т, N; 41) II dx, . (848) 
isl 
x "s on } stands for the determinant in (2.42) and where mj = m г 
1 = р, = m 


The incomplete probability integrals of the distributions of (i) 
(s=p—1, , 2) are given respectively by tlie p 


-fold integrals 
Ed 


£ p Tp- [2 
DEG | аа. | авы, a 


7 7% ox, [OU 
n, (ii), and (iii) as 


| 2.5) 
| PUn i. тта) o € 
о 
* wi s TA "s ý 
m * Г 
(ii) f Vy [ na. s. | 2 | zF ny, 15 Xy Mya, neg o. І ài 
М 4 1 к =, $ 1 2-1 р... Mim; ) — 
à; 
38 os * m | Ы 
- wi de d i 
ii da: pi Жү dx; Ч... ' T (o = 
(iii) А 1 RU "e P-1 ay (2j. ^) ja doy {ть Ns т. " 
Я - 


" Ama) 


In (2) the order of integration is from VIX veo 1, 


s * — 
in (iii it i ^ in (ii) the order is from 4 
4 x. c»; IM (ИЗ) ibis Kom ab- S9 - 1 . aj 
Vy aps tug ( ) йы che TU on one Side and from tor. 
on the other side. It will be also seen that (i) gives 


ral 
the incomp] ility integ"? 
of г, from 0 to x whence we could, if we liked, easily plete probability 

x to o, (її) gives the incomplete pr 


1 
id Obtain the incomplete integral from 
obability integral of Tı from x to œ 2 that for the 
range 0 to x could be easily obtained, while (vit) gives the incomplete integral for a; from x 
10 % whence again that from 0 to x is immediately derivable, * ' 
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In the function F( — ) defined by (2.43) we have the restriction (i) Y Dar h 
Kb N. . Bex, D0, (и) m—m-s—l(s—p. р—1,...1) and (iii) all the n's ane eq nal 
and greater than mp. It will be necessary and hence desirable to relax (ii) and (iii) and 
consider mp, n,; m paio туу n, Subject, however, to the provisos that (а) ту>тра 
>... D> т, (В)п>ть >... >т, and (уњ >р. The more general type of function 
F( ) will then be 


p I 


| 2.6 
1 7 væ s s 7 1 E д ) 
Ft Ha. Np Cp? MA Пра: Фра ee ma M e *r My NL Vy (2 


where the z,'s are subject to (i) and iis and n,’s are subject to (a), (В) aud (1), um 
„ p. p—1, ...,2. 1. For such a function we shall have, of course, incomplete probability 
integrals corresponding to (2.5), (2.51) and (2.52). Such integrals would not directly arise out 
of the statistical situations considered here, but it will be seen later on that in course of 
reduction of the main integrals, such integrals would occur as mathematical auxiliaries not 
open to direct statistical interpretation. 


We shall denote (2.5), (2.51) and (2.52) respectively by 


E (sg fy. VES Mea WEF wow Rs Ms | 
Ет, 7:5; mya, RS . . My, $; X) and | (2.7) 
F(m,m:..mjm;x;my,mi. тт) ) 
Or, since all the n’s are equal, by 
ELET ЧР sm ОЭ}, ‚| 
Fn, т-а... т; т; X) and | e QU) 


л 
Biss а. Myf X ngay TS; 25) | 


while the corresponding incomplete integrals arising out of (2.6) can be, oe 
veniently denoted by 


Ө F(x: my, ny; ту-1› Фра; ++ Mi, Ni,), Fp, Пр; Фр pas ++ My Mas x) 
а 


2.72 
8 ; 
ть: ws mj, Nj; X; Mj- Mas . My ny} l ВА 


Tt will be seen from (2.42), (2.43), (2.5), (2.52) and (2.6) that the evaluation of the 
functions defined by (2.7 )—-(2.72) involves a consideration of the following types of integrals 


pae Pap rn 
Итеа | guys 


and 


T 


m/ 
Iden i [ со жр day, [ со gum do, 
i , Qa 
1 
x 


z, Up) i 
со 


rum di, is а; m^ " <a Ks si m’ dx 
| р Я | vam day, [ im“ da | va" 1 
a Le. un РӘ 7 Ут * i 
“ 14-а)" 11 (ITA) ja = dF (IIA) “5-1 


"M 


where (m. m' FA & " " D is the 
ere (m'y, Mp- ... т.) is any permutation of ту, yas . . My and (my, +--+ Па 
Corresponding permutation of (ny, т, . .. п). 


The | " 

he integrals given by (2.73) we can conveniently denote by 
— : 2 Е 
F(x ; m'y, y ; m'y, m'y. ; т т) ; F(m'p, р; Apa, ра; Mi Па ) 


and (2.74) 


6 , is 
T(m'y, n'y ; ons mo mj; x MI, Ni... ST 1) 
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The functions F( у defined earlier and Е ( ) defined now should be carefully dis- 
ed For purposes of reduction and demonstration another alternative notation to 
42.1), (2.71) and (2.72) appears to be more helpful namely 


0 Mp, up рл; Жа . . ТЫ, My Mps y Hy, Ry, .. My, Ny | 
Е | хД тт тр, mh, .. My, Ny y № Py. Np Ha, Nyy +- My, Ry P 
| Mp, My ya. N- . . My, Ny | „%, Hy трд Nyy is т, n, J 


Mp, Np трд Пра . . Ma, п, 
and F 


Mu, u Ha y. .. т, 2 


[x: (ул, My Шр; pa .. Uh, 


"The notation can be illustrated for the case of three variates for which 


f My, Ny Mas п, My Ny | i 
OEE My, na Ms, п. My, Ny Г 


Mz, Ny T, п, Mys Ny 


à: ал" dr, =. P. vj dy, Г ч!" dw 
„Gain, „ (oa) А Peor Тона 


J. s 
| 


UH , (ау 


a da. 
ЗЕ аа, 80 


=F (x; ту, ma; 


т. Lam 
EX 4х, Г EA "з da, =f a ama de, j Tu ama da, 
-L3 \n z m 
š (1++2,) s „(Ie ys MOLLIS (1-х, )"з 
0 

May Mai ти, 4;) —F(x; m, n , 

зә Mai Mi, 15) — (х; Ms, Ny; та, Nis Ma, т.) — F(x; Ma Na: Magnat MyM) 
-+Е(х; m., nas т, n 


17 20, %;)-ЕЕ(х; ma, 


Ж; My, Ny; Ma, Mar) 
E(x ж. 


Mis Mas RS; ть, Ny) „ 809 
Similarly, 
Ms, N Ms, т, Ta. 
F 6 na May m, ma, 11 X | 
Ms, Ny Mas N. Mi, nı ' | 
"s "s da. ЯДЕ de, m * > 
=+ £ E І dv, т" dx pana qa 
ТЕЕ (Г. k (LEE. | lp ка | A HE 
ai RENS . We . наў 
P aps do; ams da. ү" dy, m © 
я ЖИЙ en da, i da 
(Tie (1; d ЕУ Gee р ална dn 
ls 3 ( E +a 4) E: А O-ha, i | TEES y 
qi das "а oda, жүн» qu ы = 
Е (14-24) (sr | ae Ш 1 ix * [ 1 ie 
А 7) $ 
= F(mang Mans mm: X) FCN MyM; mos. Fon: agens modas x) 
ағ Xem aul „, Mas 
Flein: mimi; mang X)+F(m рў 


1215 Tama: т = 
12161; 3303, Т.т: X) — ь 2 
ы) Fina, May Ne mans; X) ++ 


(2.77) 
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and 
ma, Na т.т, m, | 
Mey, п Mas N. My, Ny 

X; (na, ua Ma u. т, nı) 


vi _ " zm dx, E da, 
are +, ПЧ 


| 
| 
> | | S | 85 За 
е [ a day Г æm dx, [ миа da, | | "ч dz. | aws de, 
) Ad аа)" | Ы (IE.) J MEZAN р AT 5 (Iris 


| e ams dy, Ё aute dx, _ | БЕА de, ia ays dz, 
1 (Eam UFa ds (pays, (ea) 


A detailed expansion for the case p — 3 makes evident the meaning of the notation for any 
general р. Going back to (2.42) we notice that in an actual p-variate problem n, = nya = 

=n, == n(suppose) and M т 8-1 (s=p, p—1,...1) although as we ghall sce later 
on, even there, for purposes of reduction the auxiliary functions F( } have to be con- 


sidered in which fena. and M- n I. If, however, n, = N= . nn, 


1 
then we can also more appropriately replace (2.75) by 


[ Mpy Mpi .. ш, | Mp My yp + My 
Е х: . E © @ . i i Р z Аб. 4 bi 
) ae " n By Бк K 
| < р Тр. My | | Mp Mp- .. Mı j 
.. My туу... Mi 
| Тр oe ТЖ 1 
anc и : Р е 
1 p | (fy Mpa oe mirn 
ту +. My ] 


е 5 
Thin Reed ae naues one 
ae following is a group of fundamental theorems needed for reduction of the present problem 


: али 1 am : К 1 Ё x dx ӨӨ 
ЫЕ On == р ү РЕ Em ens 
1 Ux) 5 E „ту! 00 Е bz | aae: Эх 


dis m "аша dy - А аё | | 1 „= adr. Әб, 
| pO рар A | атат & 


к= n—m-—1 
4. m ‘emt C (2:8) 
'n—m—l (payee) 
Here Q(x) is any f i Е came B атлы Ё ЗҮР 1 
= 4 unction of 2 which conforms to the usual conditions of differontiability anc 
p icut d from 0 to æ and the result (2.8) is obtained by integrating 1/(04-2)'^" and 
: rene CC + ж)" } Q(x). m is, of course, less than n as in all situations to be 
considered here. We can express (2.8) in a more convenient notation. 


F(x; mn; Q)=—(1/n—m—1) F. CI. x)Q(x)+(1/n—m—1) F(x; mn—1; Q^) 


+(m/n—m—1)F(x; m—1, n; Q) (2:81) 
where F(x; m,n; Q)= i а" ах m PEN xm | 
P |, (paye ЖО» Жый 0 шт) .. (82) 
апа g= aQ | 
Ox 
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It follows from (2.81) by transposition that 


F(x; mn; Q)e (II) Fe- 1n — l: x)Q() — (1-1). F(x; milal: Q) 


+(m+1/n—m—2) F(x; N In, Q) i» or 
Similarly ^ = 
° gud 1 xm Р 1 ade 800 
| pap Бы ст (Ix) аг |, (L4) Әх 
А т S amA da Р 
C Wes | , Чена Q(x) 


or Е(т,т; 9;х)= (L/n—m—1) F,(m, n=l; x)Q(x)+(1jn—m—1) F(m, n —1; Q's x) 
+-(m/n—m—1) F(m—1, n; Q; x) . . (2.84) 


and by transposition 


Fon, Qs xy —(1/m--1) F,(m+-1n—1; X)Q(x)— (L/m-- 1) F(m--YT,n —1 G x) 
+(@—т—2/т--1) F(m+1an ; Q x) .. (2.85) 


"This is one group of theorems mostly needed here. Th 


ere is another gro p which we should 
not directly use here but which might be useful in othe 


r types of reduction 

` am dee — NET, amo j 1 ра" da aQ e mop a" dx ai 
„2:99 р-н qo |+, | ает e 10 mo 
i x)Q(x)-- (1n — 1) F(x; тъ—1; Q') | 


-I) F(x; m--1,i—1; Q) 
and the associated theorem 


or F(x; m,n; Q)=—(1/n—1)F,(m,n— 


(2.86) 
F(x; mai Q= (m1) Pia, DHU n- I) Ets ; m-+1,n; Q’) 
+ (щт- 1) F(x; m--1,5—1; Q) J 
(2.86) is evidently obtained by integrating 1./(1--» and differentiating amQ (æ). 
We have similarly 
Е(тт: Q: x)=  (1/n —1) Е (тит; X)Q(x)--1/n—1) F(m,n—1 G jx) 
+(m/n—1) F(m—1,n—1 N) | 
and alternatively x (2.87) 
Е(тт : Q : x) —(1/m4-1) Feen IN х) Q(x)— 


(1/m+-1) F(m--Ya; (у; x) i 
+-(n/m+1) FO 1,2-1 39; х) 
The way in which the theorems (2.8—2.85) are pro 


posed to be used for purposes of reduction 
here may be illustrated as follows for the case of 


two variates (p= 9). With ту = n = " 
we have 
* T. 
ma de. { xy") dx, 


F(x; mn ; туп) = | "(Lx (Ich 


—Fis im, n :), where QU) F(z i a) NT 
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Remembering that О’ = x,"j(l + x)" we see that the right side of (2.88) reduces by 
using (2.81) to 
(1/n—m,—1) Fn n I: x) F(x; m,n) -+(1/n—m.—}) F(x m, e, 2n—1) 


Gen =I) F(x :m,—l pn; mon). (2.89) 


Tis is ir We а А д А 
s is if we integrate out by parts over Xa trying to reduce m, in successive stages. 
On the ap hs T f ; 
1 0 other hand we might integrate out by parts over zi trying to decrease Mı in succes-- 
sive stages, In this case 
x T 
ALT I = пи * 
F(x : m,m: туп) = | у 3 v, da, 
v.) Gr 


= | us ам, n j А нн de 
Я (а. E n—m,—1) (Lb) +-(m,/n—m,—1) [ ЕЕ 


= —(1in—m4—1) F(x ; т, та, 2n —1)-- (m /n—m, —1) F(x :myn ; ту 1.) (2.9) 


‘Phas ju ai А Е H 
his is obtained by using (2.81) and remenibering that here Q=1. (2.89) is to be used when 


ms > i D ject i i 
м > m,, and (2.9) when m, < my, our object in any case being to get te F(a; m’, т; m’, т) 
where 1 Ra 4 е 1 Г | 
ет’ is m, or ть whichever is less. 
As an alternati i i 
an alternative procedure we might also have had by using (2.83) 


B(x imn: m mn)= (L/m.+ 1) Е, (т, 100—1: X) F(x; тут) U IJ) F(x; W. IMA, 21). 


+(n—m,—2/m:+2) Е; m., n ; mn) (2.91) 
or F(x; m, ; m,a)— (Lim, 4-1) F(x; m- ЕТ, 2n—1) 
-E(n—m,—2[m, 1) Für; man ; mL n) (2.92) 


or m, > m, ОШ objeet there being in any 


We sh: | ә 
all use (2.91) or (2.92) according as nt; > Me 
whichever is greater. 


case to get WI». s dp А 
get to %: m",n; т", т) where m” is 24 OT Ma 


lor == @ 31 ә є А 112 
p = 2, using (2.89) or (2.9), we have (for the distribution of the maximum statistic). 


* m--l т 
F(x : m+1, n; Е )* 
\ J 


m+1l т 
—-EFE(x т--1,®; mjn)—F(x : m,n ; m-+ 1.2) 
=—(1/n—m—2) Fy(m-+1,n—1 ; x) F(x ; m.n)-+(1/n—m—2) F(x ; 2m4-1,2n—1) 
Дь (m-+1/n—m—2) F(x; mn; m;n)-- (1/n—m-—2) Ех; 2m-4-1,2n—1) 
— (m--1/n—m-— 2) F(x ; mn стт) =@т—т—2) F(x; 2m+1,2n—}) 


— (1/m—m —2) Е (m--1,n—1 ; х) F(x; m,n) (2.93): 
Alternatively by using (2.91) and (2.92) we could have 
[ m4l m 
Fix; ;m 
| m4l m 
(2.94) 


=(2/m4-1)F(x; 2m4-1, 2 — 1) — (1/m4- Е, (т--1т— l; х) Е(х; m-+1,n) a 
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With a general m, and m, (but ms>m,) we should have had in place of (2.93) and (2.94) 


[ т, m, | 
F{x; т, n; m, met X; me 


m. m, J 


= (2/n—m,+1) F(x ; m,--m,, 2n—1)—(1/n—m,—1) F. GI: x) F(x ; m, n) 


Г m,—l am, cam 
n-) F 1х; А aa (2.95) 


L ma—l m, 
or alternatively 


= (2/m,+1) F(x ; yim, 2n—1)— (Vm, 4-1) F(m,4-1,n—1; X) F(x ; man) 


f m, m+] 1 TN 
+(n—m,—2/m,+1) Fix; sn} sx (28:96) 
m, ml J 


(2.95) or (2.96) gives us a recursion formula by which we get after a few steps to 


F | te C hi ) n | or F | x C s | n | .. (2.961) 


m. m, 


either of which is zero by definition of the functions F{ Y, 
This enables us to evaluate F(x 
which are readily ev. 
Ex; 


р ' 
+ Man; M, n] in terms of functions lik E(x; m’, n) 
aluated from the incomplete B-function tables and functions like 
т’. п’) which are of course directly calculated. 


Similarly we have by using (2.84) 


о 


х 
F(m,n; туп; x)= | Se _%А"! de, 
- 


х (Lamy 


= (l/n—m,—1 Fimm, 22n— :3 7798 s „эй 
Flu. m 2—1 х) (m/n 151) Hm. ж тут: х) . . (2.97) 
or on the other hand 


= (l/n—m,—1) Е,(ж„л—1 X) FC; *)~(1/m—m,—1) Е 


(т.т, 2n—1 X) 
+ (и n—m,—1) FG п; mi—l,m; x) -— 
The form (2.97) (obtained by integration hs " 
tion by parts over 3i) is to be used according 
any case to get to F(m' ; п; т’ п ? х) where m’ 


Alternatively by using (2.85) 


arts over *) or ( 


as т >т, or 
is the lesse. 


2.98) (obtained by integra- 
ne our object being in 


rof m, and m, 


Ет, n;m, n ; x)=— (1) т,--1) Fimm, 


I, 21 x) 
+(m—m,—2/m,+1) 


(т, , * n, N x) 
——(I/m,4-1) F,(m,--1,n—1 FG, ; x) ору | 
: | dii ) al ; х) (Lm, 4-1) FO .I 2 —1 * 
tam. —2% , +1) бт ; m1, 
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Of the tw s giv i 
ES о forms given by (2.99) the first or the second is to be used according as m, > m, ог 
т. У ] їп апу i л 
"s 2 2 object in any case being to get to Fön“, n: т’, п; x) where m^ is the greater 
л. а 787 297 1 5 D Р 
sand т. Using (2.97) and (2.98) we easily see (with e that 


А m, m 
Fima; myne DF | i PAIX | 
i | m, m, j 
2 „ 5 5 
(2/n—m,—1) FGO m,.2n—1l:x)— (ljn—m,—1) Fy(m,, n—1 J) Fön n: x) 


. m,—l т 
rt(mjn—m,—1l) F 0 ) DE | .. (2991) 


| m.—l т, “| 


and usi $ 
using (2.99) we have 


m, 
р [ 2 Jh ] 
| 3m; x} 
т. m, J 


= +-(2/m,+-1) F(m,4-m,--1, 2n—1 ; x) 


— (l/m, 1) FeO +1, n—1 ; x) FC, n ; x) 
Jin. m+ 1 


+ (n—m,—2/m,+1) d mx .. (2.992) 


m, m +l 


By usi 
4 sing (2.96 10 Р 
5 (2.991) or (2.992) we can by successive stages get to 


m 
к [ 1 mı 1 (fm. m, ] 
пх M d M E ge 
| бы m ух | ог Fi 4 
1 ] (V т. J 
either of which i 
У which is zer ; initi Thi 
is zero by definition. ‘This means that we can express F( Me, n; ni, n; 2} 


in terms offi 1 В 
1 unctions i i i p 
ions of the form F(m’, n’ ; x) which are calculable in terms of the incomplete 


B-funeti 
‘tions tables, For MR E : "e 3 s 
в tables, For the distribution of the minimum statistic (for p = 2) 


F(n--l, n smn j X) =f ооа ms х | 
Nn. j 


—(2/n—m- —2) F(E 
(2/n—m—2) F(2m--1, 24 —1 :x)—(1/n—m—2) Fon -L ; x)F(mn ; х) | 
t 


* m (2:993) 
(2/m--1) F(2m--2, 2n —1 ; X)—(1/m4-1) Feen II, x) Fo x) 


Except for : 

аме, та const р “(ә 9€ x 5 ке 

tion of the maxi iia: (2.93) and (2.94) give us two alternative forms for the distribue 
> maximum statisti E Я 0 

m statistic for p = 2, and (2.993) gives us two alternative forms for the 


distribution of the minimum statistic for the case p — 2 


3 THE DERIVATIO a V M UM AND THE 
2 E ACTUAL Г АП V г т MAXIM 
E N OF THE DISTRIBUTION OF THE X J) 2 
MINIMUM STATISTIC FOR THE GENERAL CASE. 


| Befor ^ i i 
ore proceeding with the actual derivation for the general ,case we shall prove 


а, few * 15 
more auxiliary theorems or lemmas. 
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1t follows from the notation and definition discussed in §2 that whether in 


Fx; (т ць «+ mi); n) or F((my, my, . т); * ; x) 


that is, in 


fü, Jüy x ЯЙ | ГИ. euis == ТЫ | 

н | | 

F x; т Ua .. т, [Ж ог Вт ma o. om km: i 

| Ty л ee 3 | | Th ues зе Mii j 
if we put m, = ms (szEs', and s,s’ = p, p — 1 ... 1) then F( ) becomes zero. Stated 
otherwise, if in the pseudo-determinantal forms we put any two colunins equal then F( } 


becomes zero. This is evident if we look at the expansions (2.76) or (2.77). 
Turning now to functions F( ) we notice first that 
F(z ;m,n n, n)-- F(x т, п ; mn) 


E [mt de, e de [ Е dis; & РРА dr, 
cx fo crm T a tay 2, (14-2) 


=F(x me, n)E(x ; m,n) eo 0940) 


+ 
0 


A P AS ies E И 
Likewise, if in F(x; mpn; my in; . mi, n) we permute the parameters gy, my: «i: P 
over the different places then 


y B . р ` 
XF(x nv, ; n, т, п) D F(x; my, n) ‚. QM 
sel 
: , , EN Se г " 
where (m'y, ж'а, f m 1) is any permutation of (ny, Mp1 


%) and where the summi 
tion X extends over all such possible permutations. 


Similarly we have also 


, T, " р 
XF(m'yn ; m'y, ; тт; x)= TI К(т„%; x) (3.12) 
» s=] a 
Going back to the expansions (2.74) and (2.75) we notice that we could have generalised 
тр, р Фра, тра .. ту, NX] m, тр mp, npa ..2 my? 1 
Fix; тр, Mp puta .. т, т апа Е My My тул, т т, fà E 
7 * T a E os 589 15 
Тр; Np Тр... т, Ny т Big Ment .. М B а | 
to ә п +e 1* 
ону seis nes ee Maya Ti | d ] 
pop psp-1: f pop-1 pis 751 Mop Non m 
rlx | 1 P2 T tand F. E n "рр 1 . Mols Mt d 
| рар Тигра Ropa ss Mji 11 ) | СТЕ РЧР nos 
5 эр-1 +. 
or to F(x:(mjmj) апа F((mij, mij); x) .. (i, j—p, p—1 1) (3.183) 
. за ә» 


The special case we have considered earlier is obtained jf we put mj, == Mejs nij = 
ij = Moj» 


istribution problem to 
ет), по) = т (7 —5,p— PP 


(JSP; wash) and the more special case directly arisine out of the d be 
considered here is obtained if further we put Moj = m 
The law of expansion of (3.13) is, of course, evident. 


Of great use for later investigations will be an appropriate notation which covers the 


е . 
А " rows he pseudo-determinants being like (, n 
case of all other rows of the p ng like (m,, un Шр nps а кє Ho I 
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and only one row being like (m'y, 2 y ; m'y N p-: m'i n'i). Where (m'y, n'y : Wigs n 
y s А » М 
нг 2.) occurs in the s-th row we shall change our symbols а little and write for 


F(x ; (nj, 1Ài)) and Ет", ni): X) „ (8.14) 
where mnm, Ni N (is and j —1 1 
i oj monu (Es and -.- I. | 
.. (3:18) 


à ( 
"n m^j—m'j n*,—n'j(i—s, and j=p, p—1, . . I) ] 


or the more special use arising directly out of the distribution problem we have, of course, 


s, and j—p—l, . . 00] 


m^j —m,4-) ; n*;j —n(i 
i 


„> (9:16) 
m",;—m'; ; ут’ (Е, and j=p—l, .. 0) | 


1 


twi › see uk 3 ч 8 5 В ^ 
ll be seen that instead of the single suffix notation (Mp Ир: Mp-p Ира e ту.) We 
use for conveni й А 4 
or convenience the two-way and double suffix notation 
| (Mop: Nop + Hosp зр-у, +++ Mors 1,4) 
› H 
urs . Mine aas " " 
suing the line suggested by (3.1). (3.11) and (3.12) we have now 


тр, Was, -> Mi, Mı 


ME ; 
( mp. N Mpapa т pn 

ae; p , E 
тр Quay . M TM 


1 1 
Hy, ny Тр-1; ya e My Mı 


— 


— EE 


Fx. 
| A туул, тет .. тт PE Ех mu, т mee с e? 
l Mp Ny Mpa П А P m т, n 
р баі» рар ve Ты | Mp Np Mps np- * 1 1 


ть, Ny =I, i 10 Ba. 
ть. пу тул ya т, 


БЕЈ mom p А 
X; М 
phy Jaya чє, МИ, F 


"i 
Б ОАЕ 


 O—— 


ES ui А 
wy „e, Ny-i <æ My, My | 


| Mp, Np рута Ти 
J жь 
| NA тр. р тул. - MiM 


2 , i к СД E „ 
Mpp улул . MaMa 


Duy ahy, „ Mp My Mp-2Mp-2+ ТП 


ES n jh 
Xin lU ses 
(vl) PY x; yam L— F(xm' pas i) F 


x трлр mp-sb-«- aya 


„ 


mam, 


par +. MaNi | 


Ж-а у-ү. УҢ | рр ?Йр-›?%р- 
тут MaMa 
＋ . . . (- (х ; on! 347 
(eG ona) Е IXI ттр MaMa (8:17) 
тутр <= MaMa J 
oti - | 
in the more compact notation of (3.14) and (3.15) 
pet 
2 (—1y-* S n 
È (—1) F{x; (mij.n%j)} 
Mop; Nh ++ Moe No NO, 0 
1 
= X (үйү amt | T 
| ШЕШ сен jn) Вх; Тор Тор ++ Typus Поза 7703-15011 + foi 101 | (3 } 


Mop;:Mop -- Mo Morin 7751-17011 Thoi Trot 
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-where т"; and m^, are given by (3.15) and mij = ту, nij = naj (jp, p — 1. l); we 
could if we like drop the ‘о’ of the double suffix throughout; this will be done in some of the 
investigations to follow, specially in cases where no confusion is likely to be caused thereby. 
This summation у carries obvious limitations at the extremities. We should have likewise 

"his $ x 
pol 


S (Is FON, xi, x) F(Co(myjnyj); x) .. (3.19) 
0 


Е (—1)r* Е (ут); x) - 


s50 


The mechanism by which (3.17), that is, (3.18) or (3.19) is obtained may be illustrated 
by considering in particular the case of p = 3 and working it out in detail. Here we have 


[ m'sn's MaN, тут | | т, Ny т... My M | 
Fix, ( me, u mon m.m — Fx; ( m,n’, mn; min’ | 


Pu, Myn, m,n J | | Ms, п, Oman, in Ny 


d т.т, Hn. u. ту, N 
TEX; (man; mam, m,n, |! 


| nnn, т’, тт, ] 

* ч 95 T» Ta m 

= | ama dar, | ds du, | 1 de, - | au oda. j Ы 
i MUR. o rt)" D Ur D Cla) u 


n | ars"? das [^ ama de, 2 хүн dei | е auda, p Va 
| es (Тра) „ Оа) Coen) | 


x Es Ta x т Ey 
a ana dg e da, l da, _ BOE 3 ame da, po atta баң 
( | NUES | " (1--2,)*i [ ү (EN ELA | Е any) f a к)" | (1 1-2,)"^3 


o 
П 


>) + Code ©) 


= F(x; тү м) Ех; man, PT F(x na sí Maha MyM l 
: Е —F(x n Е х:( n m б) 
U? Nman, тущ f a) [Амат myn, А 


, 


. Жал, M, n. 
We can at this stage fruitfully take 


F(x; m n) rfx (Male mm, )] 


up the main distribution problem. 


Mp Mpi . mam | 


8 тт 


Fix; Ty Ша o... man £n " 
| ч . 2 MaN: . . m 175) 
| Ta Mpat .. man) 


; Р р 
where (m'p: bi) is any permutation of the 


e 
symbols 6% я and thi 
i — i 8 е 2 ees nt * 

sign -+ or — is to be taken (my, pas Qna) 


according as it is an even permutati 
The number of terms in the summation is, of course, p! 
and suppose further we try to decrease 
that in any term F(x: m'y, ; р-у; 1; 
that is, mm. Then using the fund 


On ог an odd permutatio?" 
Suppose that My> My > c ай 
; tages till we get to mpi Zuppose 
mes 92), mie is the largest of (m'y. n e m'i) 
amental relations (2.81) and (2.82) it is ит» seen that 


Mp in successive g 


Fx, ттт; .. т ут) — (Yn—m,—1) F(x; M'AN 
* , B H 

+(1/n—m,—1) F(x ;m'yn : .. Msami т т, 2n—1; т/п) 

| Doe тү 

+(т,/һ—т,—1) F(z mn i mpat; .. тт; fly unos 


be above relations will hold for s = p — Lp 2.2.29 


s ma 


j 
V sa tm 9u—]; Pi m 


„21 
А m'n) (3.2 ) 
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If х = we shall have instead 


F(x; npn; m puts .. m т) = (т) Fx: myn—1) E(x; m'y; m', n . mn) 
„ „=) F(x; my my; 2Qn—1 iM p-n; mn) 
5 3 22 
(тубат) F(x: m,—1, n: M'pa Ms e m^ 44) ve (3.22) 
and finally if s = 1 we shall have 
Yr ^ А 
B(x; mpn: тотго Man; тот) = —(nin-—my-1) F(x : nya: mv ysis. m т 2n—1) 
2195 
(тутт 1) F(x zm'yav: mpini «mn; my—1, n) .. (8323) 


The left hand sides of (3.21). (3.22) and (3.23) are all p-fold incomplete integrals, but the first 
two terms on the right hand side of (3.21), the second term and the second factor of the first 
term on the right hand side of (3.22) and the first term on the right hand side of (3.23) are all 
(p —1)-fold incomplete integrals. The last terms on the right hand side of (3.21) and (3.23) 
are all. p-fold incomplete integrals again but with one parameter mp deereased (by one) to 


тъ . Аза more convenient notation we ean replace 


(i) (х inen; . Mana pM p 2 — 1 7 A . Min) by | 
— — — 
F(x;m'uyn; .. mein; m I nei -e MLN) | 
whe Б — H ES 9 
те my is always added to the ‘и’ on the left and n—1 to ‘x’ on the left. | (3.24) 
(ii) Fox ; m, —1) К(х; m'y jes Mpat .. m^) by | 
< < | 
m F(x ; mpn—1; ть. m^) 
ue M(x sm’ . 
(ii) B(x sm’ g. . утте, а, 2n—1l i Mast; = ТТ) by | 
> > 
Pix зб к; 
FE(x;m'm;..mum:mgn—l;muag; e My) 


> 


Where 7mp is always added to the ‘m’ on the right and n—1 to the ‘w’ on the right 
7si п (^ reos TED х D б а 2 
Using the results (2.81) —(3.23) and the notation (3.24) we find that 


| тв тр. тї 
F: x; | mon тр, mh 
| X; ma bels e byat 


Mp Mpa .. mn 


— — 
Mpn—l Mpi .. mim 
Н ч << | 
=—(1/n—m,—1) T myn—l тат © тт Г 


= — | 


> > 
| My, —1 my .. MM | 
HUn=m =t) Pixs „ „ e тт ff 
III 


==, 


my,n—1 Mp- .. тт 


| D Mp N—l Mp- 


П | 
T (mun —m,— in mD In тт .. тт | 


О т ++ Tun 
N In тат .. mam 
(3.25) 


my I, Mpi .. тт 
О іп the pseudo-determinant 


Where in the second term on the right hand sides of (3.25). 
considered. 


merely means that the corresponding terms in the formal expansion are not to be 
at all; Q is introduced merely to write the pseudo-determinant in a complete form. 
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TE now the relations (3.17), (3.18), (3.21)—(3.23) and tke notation (3.24), the right 
we use i , 
hand side of (3.25) would simplify thus: 


< — ; 
" тр. Min. may 
5 ш — — 
á Fix; mn — 1 тз .. M,N 
| <] = ] 
myn—l тр. тт 
9 Mpa тт .. түт 


Fei; F X maa 
* 


v 7 ‘ 


т.т... my 


à: N m mn Я tii J 
Y [ n.1, 2n — 1 т„+т„?з—1 .. m +m,,2n—1 | 
кг kia Thy an y sn 55 m,n | 
Я тулт тъл С тут ] 
a а n 


i Pe hey (1-1) 


A [ тулу туп - myn | 

а TES ы СТЕК 2 ner ire myn ) 
Р 

1 | татьи ian ы m т? 2n—] | 

i MyM Mpt m, | 

= i Ех; туул) zl | 


LI it 


Myer My ann 


my. т .. mn | 


A Ty mismo. m,n 
2 My,2n— 
ны 2—1 » "» (s: sh Mpat mi) 
^ " è d *% 

е b. à Tay Mam min 
(0 FG ть ф-т, 0—1) Ех; кч d 9 


MyM тт 
= Go Е, у 


em. oi M TT ,. 
ЖЕ ух mn, i-e: (жуп @ | 2I 


b „ Mn 


Mpat ту... myn ] 
=F (x; трт) Ех; Tay тр... mam | 


ат. 
— X (Ii E(x; т, Tm, 2n—1) FI ( „n Pss. Me vm 


m el эту, "к 

= 8 pad М m "ыт Mat е mn) | . [3.26] 
Likewise with obvious limitations at the extremit F И 

always be supposed to carry E Че 3 summations B 


p-STATISTICS—INDIVIDUAL SAMPLING DISTRIBUTIONS 


> > TEN 

myn—l тат .. тт В 
Fix; > > 

myn—1l тп .. MM 


L Hyag9p .. man 


| 


| msi np 2n 1 Mpat Mpm- mi2-my,2n—1 | | 
= gx 
V an Dy sn mn | 
| my. yn Mp- m,n J 
| my, Mp- mM | 
Че Lp. © р 
Е ix; myadm22—1 mD mp, 2 —1 m +mpn—l fi 
| yan DNO тут 
ле) TUM 
f Dy. 4 DU s ES mn | 
78 
+1 В MyM my. s.n ds mn 
Mpi En, 2n— 1 Mme En, Zn € my,2-m,,2n—1 


according as p is odd or even) 


(the last term being + or - 
Meets тат . тт 


Р Mp» + 
2X (=j pam Fixe А 
x ) F(x; n Eno, 2 — Ех Д mpn .. Тит meto ce MyM 


L Mpa -> Mgs Msı mn 


) 
| (3-27) 


Combining (3.26 
ш ming. 2 р ә 97 * Á 
Ing (3.26) and (3.27) we have now (3.26) reducing to 


my no Mpg + M,N 


X; Qm Mp- +. myn 


тыһ тт .. тт 


| Mp- Mpa -> тт 
=—(1/n—m,—- = 
(/n—m,—1) (х; myn—l)F IX U mp mesmo. ^ 
| mpn yeso. Mın | 
Т1 -- Whey MyM ++ Mas” | 
4- (2/m—m 1 2 у zu 
42 f M PEE M US 
| p )X ( DAF m +m, 2n 1) Fax meas meat meu myn fi 
| туа, oss Msg Ms- man 
ть—1, т 
+ р ат .. тт 
W ж" Y : | . (8:28) 


1 { m In трут . mam | 
ne left hand side is a p-th order pseudo-determinant. On the right hand side the first ter" 

involves а (p—1)th order pseudo-determinant, the second group of terms each involves а 
(p—2 )-th order pseudo-determinant, the third term is à pseudo-determinant of the p-th бич 
no doubt, but the parameter mp is replaced by e J. (3.28) provides us with a Sure 
chain by which m, is reduced in successive stages to 9-1 and jas soon as this happens j 
“whole pseudo-determinant becomes zero as we have already observed. 
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Proceeding along the recursion chain suggested by (3.28) we have 


( mh my ic Mym | 
Ех; [тью myn .. тт 
У Чек 


| 


` 
Mp- Mp- o. LE "тр. N W 
=. bs М : Pes X 6 (sPLaqfemerP, FEx;my—r4-1,3—1) 
Moy; Mpa 


L . тт =: 


1 Sn ‘the : Пр... “Тын: Mep .. mun | mp wp Q, 
＋ T (—1)e* ү : Fr А 2 2 


sepel Mygr? se Day MyM .. Myn 


m 


where | Q, — (n,P,., /n-my-z«P,) F(x ; m,4-m,—r--1,2n—1) .. (329) 


or in a different notation already considered earlier 


\ 


F(x; (mn; min m,,n)) 


myom 
E pe | Mem E —1 
S xam, sind man myn)) 5 0p P. /n-my s «P, F(x ; m-Hmp— rt V,2n—1) 
rel 
1 4 mpm, 33) 
TOM (— 1) 1 F{x; (mpi; .. тыл; Tage; . . %)) X 2Q, «s d 
в=р-1 =- 


L4 
‘The p-fold pseudo-determinant is thus thrown 
these again on (p — 2) and (p — 
of the type F(a; т, п) which are 
Now (3.3) is the reduction formul 
if one tried to raise m, to m, 


back on (p — 1) and (p — 2)-fold ones, акй 
3) and so on till we get to 1-fold cases, that is, functions 
easily calculated from the incomplete B--function tables- 
a if one attempts to reduce тр to туу; on the other hand 
then using again the same body of the 


ap » | ‘Nes тул .. mmn | 

: AXI b à EM я 

| 7 \ тъл MyM .. mam | 
M Ld 

= (I/m,+1) Е Jx; 


го had 
orems one would have ha 


— — 
Mn b .. mam mi4-lon—] 


— — 
| Mp тул, Mın mln] | 
| > > 
Mpi Mp- .. mano Ml m—1 | 
-+К(1т-+Е1) Ех; $ s P E: — — 
| TH тат .. mn т 11 | 
TRO тт .. man Dn 


n my aam 


Г EC Tn m l 
Р T(—m,—2/lm,-YE x;| тп man .. т ELA 
| Ў : a 


Dno ти 


[ тул m,n 
== (—1)y' (I/m,4-1) F,(x; m,4-Ja—1) "va M i x ү "es | 
nn ien mnn J 
а 5 [ Ty... ma aam, un. MaM 
(I) (2/m,--1) X (—1)"* F(x: т.т, ЕТ, 21 —1) Pix; sem s-i | 
= Рр... Mya . met 
[ Mph тул» .. man ту- 1, {| 
-+(n--m—2/m +1) Fx so Ww s : |. . (330 
Who Dag to .. т.т m, -- 1, | 
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[ тыл my,a -> man Tem Е 
-(—1)7 Ех; Е Е MD | S (mPp a/m Р) Fo(x; m,d-1—1) 
L т=1 5 


2 [ By mua My gM s. MaN myomy - 
(he Ghee Fax; . $ 8 s 20. .. (8.32) 
v") | 


MyM Han Mego + man = 


Bao турт. mam 


where O (n-m Pp ут!) F(x Ne te, 2n—1) 
and where, as in (3.29), the left hand side is a p-th order pseudo-determinant while on the 
right hand side the first term involves а (p —1)-th and the second involves up to (p—2)-th 
order pseudo-determinants. In a different notation already used (3.32) can be replaced by 
(X (mp es Mpat: . m,n)) 
myom, 


(hen Ех; (myn f. . M, t)) & N. C Pfei] Fox Om +r, п—1) 
rel 


2 mm; 
0—1)» X (—1)'* F(x (mpm; -+ Wat; тт ;.. QM) х 295 

2 rel 
libus ©. = (um- Pra/m-rPr1) F(x 5 (Ms Hr Ma, 2n—1)} (3:33) 
In the actual distribution problem of maximum statistic for p variates we have 

mj=m+j+1 Op. DI. . 1) 
Hence (3.3) is to be replaced by 
F{x; (n--p—l, *; тр, п; .. m,n)) 
Ey (m-+-p—2, n; т-р * m,n)) F,(x :mp—l. n—1)/n—m—p 
+(2/n—m—1) x (—1) F{x ; (m pp—2m .. тет; m+s—2, ^; +. n)) Qs E 
E ° 97 

ns Q,—F(x ; ?m+p+s—2, 2n—D) 223.88) 


апа (3:33) is replaced by 
F(x ; (m+p— I, *; m4-p—2,n;..mm)) 
= (A) Pers n -b ase АНЫ In) (1/m--1) Вх =, n—1) 


.. m+s, n; m ES 2, 13 m-4-1, n)} Qi 


(Ie x (Ih- F(x : (mt p—L ne 
(3.35) 


Whore ,— (2/m4-1) F(x 2, 2n—1) 


This is so far as the distribution of the maximum of p-statisties is concerned. We shall now 


tur " В . Н 
— to the distribution of the minimum statistic. 
vemembering (2.84) and (2.85) suppose we try to expand 


mp yag ++ — | 
з : T 33 


ma yn. ] 


F((mpmn :mpam;..mum; „уві 
Nm рл. 
with + Je 
he proviso that mpm, ... >m 
р 
2 mas ms X) where (mp. 


Аз ind; E | 
indicated earlier we can write this as X F(m'p, n: Mp: - 
tion is over all such 


т’ AW E fe 
D- +... %%) is any permutation of (mp, Mee ++ -> m,) and the summa 


Permutations. 
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Consider the typical term F(m'py, n; т/р, N; M's mi Minny vo Шут: x) ane 
suppose that m's = my. Suppose further that we try to reduce mp in successive stages to 
тъл: Then using (2.84) we have 
m'y .. sim, My mn; .. myn X 
p? > 5+1 р " 


—(1/m—m,—1) F(m'yn; .. Mat; mE“, 2n—1; m'as m; 17% х) 


—(1/n—m,—1) F(m'yn .. Ms tmp 2n—1 ; тт; .. mm; x) 


＋ (m,/n—m,—1) F(m'yn ; .. Magt; mlini e, d .. mm; X) „„ (3:30) 


rm is to be re- 
placed by Е,(тр, n —1; x) Fm’), n; mp n; . nz, №: x)/(n — mp — 1). As earlier 
introduce now the notation 


When s = р, the middle term would not be there, and when х= 1, the first te 


>> 
F(m'ym; .. тат; mpyn—l;m',,un;.. mmn; x) 


< — 


and F(m'yn;..m.n; myn—l;m'an;.. m'm:x) for 


F(m'sn;.. TV uuo; m. 4 4-mp, 2n—1; т 


„ 
>e x) and 
, y t 1 9 Е 7 8 а Н 
F(m'n; ..m вы my, 2n—1; m'a; .. mm; x) respectively, with the proviso 
Р = — 

that (тар, n—1; yay; . m,n’; x) would denote 


al Fy(m,,2—1; х) F(m^, Nr . m'in: x). 
Then we can replace ( 3,36) by 


m. ‚ 
Fön“ n; . mn in; en, it Ne .. тл: x) 


> -> 
АИИ ME os: , 
(n—my— 1) Е(т DUS oe Ms; ie I Magt; .. m'on X) 
< < 


—(L/n—m,— . , Р , 
aj sl) Fun; .. m'a; mnl; m'am;..mum;x) 


+ (mp/n—m,—1 т m. 
/ »—1) F( m'; .. Жз ; ту—1,%; I sa .. тут; X) 


Th тул .. min 
К р es \ 
тыз трут... : T 


min 
р-а... mym 
Dymo. "щй 
Рр... тул 
my—l т. | 


i NI, D Han 
.- my ,n 5 
As ж! n d 
my,n—J1 Тр... | 


п, n 


Hence we have 


= 
ATS 


= (l/n—my—1) F | 
| 


—(ln—m,—1) Е 


p" гъ “ai 
“тҮ 
wx B 
L* bY 


—̃̃ — 


my— l,n ny 4n. 


mM, | 

m — 

m Im Tm .. mam . (337) 
my I, min LR T 
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pr 
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Expanding р 5 
Xpanding and proceeding exactly as for the case of the maximum statistic we have 


F(Gnyam трат. . mam) SX 


==—(1/п—-т„—1)Ё (ол n—1 : X) X F((nyam тре N mm); x} 
e 1 
H(2/s—mp—1) X F(m.4-m, 2n—1; x) Q; 


s*p-l 


.. (3.38) 


| т In туут. тт 


T (т/п — — ? 
(msn —my—1) | ти Mpa. тр ЫХ 


| 
туп Mpi.. mam | 
m,n | 


where 
Q,=F 
Y= 1 К m 
n .. тт | 


| My pM Haymo тат 


тур. mna M 


We ] 
ave ard Е к 
thus by successive stages аз before 


(ттс. тт) X) 


* * mmy. 
F((m,,n ;my,,n;. mpn) XR) X X (mpPr-t uma Pr) Fo (iy —7r2- 1, n—1 ; x) 
rel 
LK р ртр 
* A, (Ih- B (myth o mast i -in D. mam); X Qi 
эё r= 
Where 
Qu = (m,Pr-1/n-m, P.) (т.071, 2n—1:; x) .. (3.39) 


on the other hand if we try to increase 


AUTE 
IS is if w 

ve re " " : 

т, by su к duce m, by successive stages to Mp1 5 

A Süccessive s я x 8 > 

ceessive stages to т, then proceeding exactly as for the case of the maximum statis- 


tic w 
e nro 
have, by using (2.85), 
тр тр + + MaM О 
"(o > > 
TRE 8. 
м; от) X (UI) Ёз mo? mpn .. MaM m,+1,n—1 
В . . . . > . > 
my Тра >- MaM m,4-l,ai—l ] 
— — 
„ mn mil. n—1 


тыһ MA 
— 


П . TS | i 
% I) Е) ть Mpi . MaM m,+1, n—1l " 


| 
| 


= — 


Wo MA s m,n m+1, n—l J 
f mmo .. MaM m,+1,n 
+(n—m,—2/m,+1) F4 €— 
m,+1n 


* qam .. TÉ 
hence we have | ^ i 
F{(mpn .. тул); x) 


= [eT Fimgnüy G5; . . man); x) aes (u mir Pri- Pr) F,(m,+7.r—1) 
rel 
в путу 
— X (HTP F(mym; .. m, n; та ++ тыл); x) X 29: 
Whore e: 55 41). 
Q,— (»-m-sPr-i/my Pr) Fl, Ke, 2n—H X) ы SNC 
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а - Р 5 3.39 
In the actual distribution problem we have т; = т + j — 1 (j = p, ..., 1) and hence (3.39) 


and (3.41) reduce respectively to 


FON CD- IL . . e) x) 
=—F{(m+p = 2, ;. mm); x) * (1jn—m—p) Fy(m--p—1, n—1 ; x) 


+2 У (Ihe F{(m+p—2,n;. тм: m+s—2,n;.. mn) ; X} Qs 
р=>-1 


where Q.—(1/n—m—p)E(2m--p-i-5—2, 2n—]1 ; x) 


(3.42) 


F{(m+p—1, п;.. mn); x} 
= (-I) F{(m+p—l, ny .. m+1,n) ; x} (I/ =I) Fy(m+1,n—1; x) 


+= x (—1)** F((m4-p—1,n; .. n s, ; m--s—2,m : .. m Ya) x2 
ssp 
3.43 
where Qo=(1/m-+-1)F(2m +s, 2n—1 ix) — 04 ) 


Р — ut istie to 
We shall now apply (3.34) for the maximum statistic and (3.42) for the minimum statistic 
the particular case of three or four variates, that is, for p — 3 and p — 4. 


For p = 3, (3.34) becomes F(x ; (m--2,n ; m--1,m ;тт)} 


„Fx n I, n; mn)} (Lin—m—3) F(x; m-4-2, n—1) 
An -F; 2m-+-3, 2n—1)F(x ; m,n) 
—(2/n—m—3) F(x; 2m--2, 2n—1)F(x, m-+-1,n) 


= (1n—m—3)[28(x ; 2m--3, 2n—V)E(x ; m,n)—2F(s ; 2% C 2, 2n—1)E(s ; m+ La) 

—(1/n—m—2) F(x; m+2, F ;m4-1, n—1) F(x ; m,n) 

20 2 LI. 231 BM 
and (3.42) becomes F((m-+2, * n-, n; mm); x} 
——(l/n—m-—3) Fy(m+2, n—1 PX) F{(m+1,n imn); x} 

i +(2/n—m—3) [F(2m 4-3, 2n —1 SX) FG x) 

—F(2m--2, 2n —1 FOL, ; N) 

=—(1/n—m—3)|(1/n—=m—2) Е.(т--2, n—1; x)(—Fy(m+1, a—1 :x 
en len rn, 2—I1 ))) 0509 


+F(2m+3, 2n—1 FON ; x) -F 2m 4-2, 2n—1 хип - (3.49) 

For p — 4, (3.34) becomes E(x; (m+3, 2 ; M2, u; Hel on cm aj) 
= (l/n—m—4)—F,(x ; m4-3, n—1 x (3.44) 

+(2/n—n—3) F(x ; 2m--5, 2n—1; x) (F. (&&; и 

Айе з 2m--1, 2n —1)) »2—1)F(x; mn) 

+(2/n—m—3)F(x ; 2m--3, 92n—1)(—F GS 1 2, Пк 

X; 2. n— 1) F(x : % 

4.28 (x ; Эт U. 2, —1)) аа 

—(2/n —m —3)F(x ; 224-4, 2n—1)(—Fy(x N, 2n—1) Wk ion T 

—(m+2/m—m—2) Fx ; .- EI, n—1)F( x; m,n) ВЫ " 

--2F(x ; 2m4-3, 2n—1)+(2m + 4/n—m—2) F< ; 2 2 n—]) 3.4 
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For p = 4, (3.42) becomes F((m--3, m : m+2, n ; mol, m: тт) ; x) 


=—(L/n—m—A)[Fy(m+3, 1 —1 ; X) X (3.45) 
+-(2/n—m —3)F(2m--5, n—1 : x)(—F,(m-+1, n—1; х) F(mn ; х) 
-p3E(2m +1, Эн —1 ; х)) (+(2/n—m—3)F(2m-+3, 2n—1 ; x) 
x (—FE,(m--2, n—1; x) F(m+l, n; x) --2kF(2m 4-3, 2n—1 N)) 
(2/n —m—3)F(2m-4-4 ; 2n—1 : x)(—F(m+2, n—1 FON X) 
e(Qn--2 n—m—2)F,(m+1, n—1 ; x) F(n;n ;X) 
L-2F(2m3-2, 2n—1 : x) -2(m-- 2 -m —2)F(2m4-1, 2n—1 ; x))] . 6.47) 


We can if we like also apply (3.42) and (3.43) to find out the actual forms for the cases p—3 
and р = 4 when reduction up to the final stage (that is, where we сап direetly use the incom- 
plete B-fuction tables) has been effected. This, however, would appear to be hardly necessary 
for purposes of illustration after the detailed reduction already given by (3.46) and (3-47). 
It is more worth while noting from (3.34), (3.35), (3.42), (3.43) that for final reduction of the 
p-variate problem it is only necessary to caleulate 


F(x: mtj, n—1) On U. I.. I), F(x ; 2, 2n—1), E(2m4-i, 2n—] x) 
(i—2p—2,25—3, .. I), E(x i mt; n—1), FO u-. х)(ў'=р—1,.. 1) 
It is evident from a look at (3.34), (3.35), (3.42) and (3.43) as well as at the more general 
forms (3.3), (3.33), (3.39) and (3.42) that once the basic quantities indicated just now have 
been calculated from the incomplete B-funetion tables, all functions like 
Е{ (m Dt U, n; m4-p—2, n; .. ma): x}, FCO 2, n: .. m + р—3, ur. . mm); х), 
eos F{(m4-1, n ; m,n) ; x) and also F(x ; (O DI n; .. т,т)}, 
eos Ех: (т-р 2, п, . тт)), F(x ; Gn I, 25 n)) 
can be evaluated. & slight adaptation and adjustment of the recursion formalae to the needs 
of a compact computational procedure would be, however, necessary. This is possible and 
has been actually done, but is not worth while indieating in the present paper. It will, 
however, be diseussed in detail and the actual tabulational and computational procedure 
will be set forth in a later paper by the author and other collaborators. 


" © 2 
4. THE DERIVATION OF THE DISTRIBUTION OF x(j = р — 1, p — 2, vers 2) 
We shall consider now the functions. 


у j к — 2 „2 
F(m,n und-; трт тр; X P mjams + min) . p- I, p—5 ++ ) 


[тр mpn .. MM | 


ть Mpg .. MyM 


"RC DM 
=F | х; (M,N туут = ЕЛ) (4) 
myn тт .. mam 
| . х T À 
| mn тот. MM J 


4 е vi is easily 
Suppose that we tried to reduce mp successively by 1; the pseudo-determinant F y 
* s " : S UR у s Hber owmg 
expanded into the sum of a number of terms of which the typical one is either of the fol 


different types. 


. ‚ 
(2) Emani: m^ To; X FM jas N Ses mi, m. Ты. 
М é 

(ii) Fön *. ne N . i. A x m'y, m. . т т) 
e n 
(Hi) Flv, . от, n X; E *. " jm) 
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where m's = my and where in the three different cases we have respectively, 
G)s«j (i) s (ii) = 
The whole pseudo-deteminant is (1), Х(Й) or (iii) where the summation is taken 


over all permutations of (mp, т-у, ... mi), a typical permutation being denoted as before 
by (Mp, !-. . M'a i). It follows from (2.81), (2.82) and (2.84) that 


" 
(2) Fünen . mn, x; Mn . . nn. . n 1,2) 
——(1/n—m,—1) F(myn:.. mj x; N M's tmp 2n—1 ; min . s M lt) 
cT/n—m,—l) F(myn;..m'n;x; N An; 


тал; mn, дп. n 
+-(m,/n—m,—1) F(myn ;. . m'n;ximjam:. 


m uaa; My In.. m mn) в (4.1) 
except when s = 1 in which case the second term would be 


absent. In the notation pre- 
viously introduced we can write this in the alter 


native form. 


— — 

(% -I F(m'yn; 2M jn x; OW Lui. om’ gan My, M—1 ;m', mz. M'un) 
> > 

+(1/n—m,—1) F(m'yn; . Min ут maa... m am ттт ту. myn) 


/n -n IFO n x; i Om" am ;my—l,m;.. mm) .. (4.0) 


Similarly 
à a , B . n B oy 
(ii) Fm SUNL a M'at mn: m , m'n;x; ne а m'in) 
i > > 
= (nm, —1) T(m'n;.. Msn ;myn—1 т! 


saree mm x: m', :. отт) 
à d — < 
— — — B ^ 
(1/n—m,—1) F(m',m ;.. m sns; nn II mm x; m .. т' т) 
— “дү. ^ T 12), 
Gen n 1) FG. m'a; my—ln; И: MINX mjam.. min) (412) 


except when s — P in which case the second term would be 
(iii) F(m'yn ;. Minm; mam ХТ Yam. om! mn) 
= (1/n—m,—1) Ех; тт —1) Fim’, n > 
+(@—т,—1) Ер ^ 
—/n—m,—1) Bin! 
va /n —m,— 1) Fin 


absent, and finally 


j 
De Miam; x) F(x; I in; . Mon) 
ati ; oV, ,, 2n—1 PRS „ 08 4m) 
En, n- I x ут 


, ; 
fU RR zm l, n; X тат. т’ т) 


h; %“ 
ьт; n 


а jas n) 
n 
РА 


or in a different notation 
= (l/n—m,—1) Рх. РЕ ЭРЕ , 
т 1) Fs man D Fon . т * X) B(x утрото. т) 


i s | C ш 
к Л guam 1 5Х ; т’, 


1 jan; %%) 
—(1/һ—т,—1) Бтв у. Mian n — 
+(m,/n—m,—1) Fm’ „п 


+(1/n—m,—1) Fem’ on 


Pbah—1;.. n) 
co 


к 1 X ʒ n'; 
n %ъ;т„—1 3 
ba ; D К 

у p ms YR d { n) . (41 ^ 


The mechanism by which (4.13) is obtained becom 


ек evident į " as 2 — OL 

illustration) the case of three variables РТА бошда (for gurpases б 

o © 

ауз dar, gums dx, zi d, РА 
«(rey Туры" Wim J ne dr 
1. 180 E= Г (15-а) J. ERES ea ata, 
со d т. 
W., „ da. = m^ 

wins 60 ) = Е a =. and У (х,) = | Ja da, 


QUEE C and 
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Then integrating by parts (the integration being for 1/(1 + z.) "s and the 
differentiation for G(x) V(r.).x,3/( 1 A- а) we should have the expression 


oe 


=(1 nm —1){x™s/(L-- ay} $ (т) $(x)4-(1/n— wa ы Ens lole.) Wr. Ф (ха) Ges) E 
Semis s КЕ [o oe 
ms/2—m,—1) [ (Ср „%) Y(t) 


nee) Ех; тат 1) FG x) F(x : min) 
(li n—mg—1) F(m',n ; mgm visi x) 


(1%—т,—1) FOMA . A= 1 ; x; mim)+ (M /n—m,—1) FOM, ; ms—1n ; X т ^m) 
(1 n—m3—1) F(x ; myn—1) ibd ad X) F(x n 
< — 


+ 1 e 8 
U т 9) FOR, ; mg n—10 ; x im'y n) 
(Lin —m4—1) Fim’ Sr 

aa 1) FO ; mg, n— l. хт) 


1 
) + (3/2 — E 
i (таат) F(m'sn ; m3—1,n ; x i .. (415) 
Henee we have 
E ma тр... Han 
[тт таль .. mam] Б 
" Pn Mpa .. qmm | | p mpi + тууп 
m т . .. ‚. |=(1т—т,—1) Е à * X | 
X; (тз та ~. тут) х; TS Mya .. Myn) 
i DR ny... mn rds тт .. MyM 
0 О yag s. ТЖ 
| о mp-un . тт 
= We т„—1,% трат ++ man 
7(l/n-m,—1 в ben I my,n .. тут mp In Mp ++ ту; 
y | сз е . $ +(m,/n—m,—1)F > TUM | 
Xj(myn—1l тт... тт) | х(т„—1,% трт .. qan) 
mp I, my... Mıh 


Mpn—l Mpi .. ma 
mjn); x) F(xi (mj, Mi-a: nen)) 


An- m1) Fo(x ; әл, 1) FC (Mp5 nber. 
..тьт)}=..1 (4.16) 


=F 
Gm, n; ай; Poocmua;myam:Xx) Bx 5 (mj ; mj-s 7 


27 — 3 ; .. тт} В 
(2/n—m,—1) x (=I) Шт, ут. Marss Ms- - mn, xima ++ MP JR. 


s=p-1 
1 
TM= У : . mua so В, 
+ (2/n The — (1) Ffm, an; . туы; SF mj) + Hat ase 5 Ms ns. тж В, 
+m, /n—=m,—1) F(m,—1,; my jt т x; т. тут) 
татту n):x} R (4.17) 


| "Fn —m,—1) F(X; m,n—1) x SEE (m'y a; Pme i + 
Whe 
hig R,=F(m,+-m,, 9n—1 ; x), Re=F (ss ms Em» 2n—1) 


and 
Ra=F {x 5 (тиу тосот. т nam)) 


i б Й P ay Й 
m! ben (È) m'y. DM p->. mam (0) m'j- Im Y and (izt) Mp- ™ v 
ex is any selection subject to (i). of 2—1—9—1, that is, p— j out of mp Mp- 3 
| (ра. Im) and (ir) m'j-ı, ... m', are those of mp ++ chat are left out D 


the э 
ER lection (iii). We take the +-ve or —ve sign in this RIDENS acording as the ¢ 


ч 20 1 — 
bonding term in the formal determinantal expansion is de or —ve. 
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By successive reduetion this comes out as ** 
j Е А ктү Д я IH 
3 S (— 1) F n, at Dee Marh i Myatt? . %%% x Mjh .. mun} x 
s=p-1 4 
"ya 
9 s (n- Ет: . mj ; Xi MAM . Masy f e myn} E Ry 
кеја r 
mymp- 
Ў: Ё D У UR ra 8 Й > › 18 
уопут i Mpat; . . Min) 5} FÒx; GC e . т} XC OB. (18) 
where В = (mP,4/n-m,-2+rP,) Fm, Emp- T -I, 2n—1 ; x), Е 
4 
Ry = (m,P,/n-m,-3rP,) Fx; m,--my—r4-1, 2n—1) Ч 
апа В; = (n P, /n-m-27P, F(x; m,—r+1,n—1) | 


Tf on the other hand we had tried to increase m, successively by one to m, then we would у 
have had. 
F(myn;..mjt;x;mjm;..m,n) 


j mmi 
8 =s Р x " „ж X t 
= (—ly = (= Pmyna mam itam: ЕХ ИЕ aia, Man) EH Ws 
вер Ё 
Р mac 
x а) s» R, 
1 X (lh К{т„®;.. mm x; MyM . Meti Mea о mam) M R; 
stel r 
mamy 
SS Bn on omi 8 x 
FIE Pim gnim pti. т’ ), x) F(x ; (mm . . maay NX R. 
od 
wh: c т i 
Ета Ra- (-wer Pei lui P.) Fm, re, 2n—1: х), 
^ \ R. = (um- Pr mier P,) F(m,4-r4-m,:,2n—1 ; x) 9) 
and = е ' 
s Remi P,_,/m+rP,) Fax; mir, n—1) "E 


and where m'y, m т. me i, " 5 ” ш) 
: po pass ja is any selection (in proper order) of (ny, Mpa i077 


Li , H 
and (m^ ... ms) is the complementary set. 
In actual statistical problems w ‘=p, р—1 1) and hence Mp- 


I, and in (4.1 d ¢ — jh 
Ы ме wes there would be only one term each in the ©” summations althous 
the numbers of terms in the ‘y sumni 


€ have inj—m, +—1-{( = рт 


z ations would be the same (for any /', which latter 1 
only one here). We shall consider in particular the case of p — 3 for whish 
ие : PPAR тут —(2/n—m-—3) F(m-4-1, n . --2, 2n—1 x) 
—F(x im, ) (х ; 24-3, n)E--(0.n—m-—3)F,(x ; m+-p—2 е 1) 
X (Нм ; x )F(x ; m, n) F(n, n ; x) F(x; m4-1, н) (4.2) 
or /m-) [F(m4-2, n ; x) F(2m4-1, 2n—1 | ә 2n-— 1) 


PX)—F(x ym (x ; 2m . 
(0+1) Ex ; m+1, n—1) [F(m-1-9 )—F(x ; Lym) Fix; T t 


* x) Вт, n; x)  F( YES). (4.20 
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DISTRIBUTIONS OF CERTAIN FREQUENCY CONSTANTS IN 
SAMPLES FROM NON-NORMAL POPULATIONS* 


By K. C. CHERIYAN 
Statistical Laboratory, Calcutta 


INTRODUCTION 
In this paper a s e А Ж à А 
іх paper а study of the sampling distribution of the correlation coefficient in 
ations is made by means of experimental 


sal » fri 
unples from correlated Pearsonian type III popul: 
(1— 7) to the observed values 


sampling Jai к s 
pling. Using the transformation zog, (I . 0 log, 
The frequencies and frequency constants 


of r, the s: ; к? И 
he sampling distributions of z are obtained. 
‘normal theory’ values. The 


0 че : . 

Е then compared with corresponding 

ены bs : уз ions of жайыл and mean are also recorded in order to see how far they 
known theoretical results. 

HE CORRELATION COEFFICIENT 

riefly described as follows. The 

awn from an infinite 


THE DISTRIBUTION OF T 
his problem may be bi 
ficient, when samples are dr 
1915. As the mathematical expres- 


able for the evaluation of frequencies 
Study’ was made by several authors (1915) to 
for different values of r. Later in 1929, E. 8. 


á en historical background to t 
е distribution of the correlation coe 
роне oe was given by Fisher in 
indiam 3 Ше distribution was not m à form suit 
construct. t: 5 ‘A Co-operative 
Аи Р * $ es giving the relative frequencies 

1 showed that Fisher’s z-transformation could be used to obtain frequencies in the 
entering values of (- mean 2)/% їп any 
took the first and second approxi- 
been used to compare 
al theory values. 


iode anise: of the r-distribution by 
ле normal probability integral. In particular, he 
two methods have since 
ations with norm 
but the population he used for 
1929 & 1932) has contri- 
with different values 
The same result was 


e aed өг онын of mean z and o. These 
Students 58 ums m snam plas from non-normal popul 
s work (1908) in this direction is prior to that of Fisher, 
imately normal. E.S. Pearson( 
1 that for parent populations 
d ‘normal theory 

ar population 


Мы Же ane sampling was only approx 

E ME in which it is observet 

Obtained ^ 1155 чв mier between observation an ү 

Paine п, нич ia (1932) who used rectangular and triangul e But as 1 55 hc 

5 ж, а S кешр; appears to have been made to carry out experimenta eee ing 
ariate population in which the distribution surface is not normal and in W hich the 

stribution of r has been established only in the 

imental sampling from all other types of 
nether tests of significance based 


Correlati + ne А 

сазе 2 is high". Since the theoretical di 

ase where an Я 

populati the parent population is normal, exper 
ations will be welcome as they help to determine W 


on ‘пог — 88 4 
rmal theory’ assumptions are relevant ог not. 


р EXPERIMENTAL WORK 

чек a шз paper, bivariate type III populations with varying degrees of skewness and 
i are constructed from the squares of normal deviates.| Since each of the squared 
buted according „ the sum of n of these will be distri- 
in two vari 18 io the law, y = у.“ es. Thus, if it bereq population 
o variables with p — 3/4, we take groups of five from among the squares of normal 


va " КТЫ š 
lues has a distribution given by the law, y= Y qe 
à , Y= Уо 6 
uired to construot а 
devia ) 1 
iates, add the first four and the last four and denote them 2 andy. This device provides 


* n 
Part of a thesis approved by the University of Madras for the м. Se. Degree. 


{Тыз table was formed by A. N. Krishnan Nair (1941). 
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"ting populations with any degree of skewness and any — -— 
an easy way of хааж Е Ds lhave obtained mathematical expressions for this typt " 
E e € is bah h for their moment generating functions, In a recent paper 
m ае Krishnan Nair (1941) has constructed. two P ten s 
dealing RS one SY = рех а re. In each case p= 0. It is observer , 
8 e fit to sampling distributions of +, and also 
5 than either of the approximations. The 


зас inua- 
problem attempted here is a contin 
tion of this work by sampling 


from populations in which the v. 
The following three bivariate populations were constructed 
outlined above. The betas and skewne 


и r correlated: 
ariates are highly correlate 


i sthod 
according to the metho ; 
г r ‚ margina 
sses in the following table are those of the mar 


distributions. 
— 7— T йш ^———————————— sl — ͤ —́w4k — — 
Marginal р —.— — À 
| Distribution В, В: Skewness Missis » 
| чи N — —— 

DE j = 1/8 
Population I | Y=Yo ex 4.0 9.0 1.0000 T 
Population II YHYo rex 2.0 6-0 0-7070 e 
Population III У=у xit е-х 0.9 4.3 0 4814 ы, 

| 
== ==... 


Two hundred samples of f ach of the three populations and bn 
Thus we get three experimental ‹ E 
on being 200. To find how far iem 
Ory', we obtain the frequencies for the latte 
n ‘А co-operative study’ (13) 
approximations for the means 
of the normal 


Approximation, 1. 


"distributions show agreement with ‘normal the 
from the tables provided j 


employing the following 
using Sheppard’s tables 


А ained by 
Frequencies were also obtain 


" ч P d r, and 
and variances of transformed 7. : 
probability integral, 


Mean z E cub І 


201) › 0, = 
Approximation II. 


Mean z = é 


p EU LL 
MESES 8®—1) +....} 
= po 4—p? 176—2 ND Y n 
0. = QU a p 219—921 p lp i 
i 200—1) 48(и—1): 2 ) 


Table 1 gives the theor 


etical and Observed distr 
"observed and expected values o 
. 


f the first two moments 
It is seen that in these tab 


observation and normal theory. B 


4 ae the 
ibutions of » Table 2 gives 
and betas, 


les, the X*-values indicate ve 


‚ееп 
Ty poor agreement BS 

&bles more closely, we find that ша к. 
h values among the observed frequencies, This might ve in 
l frequency, In all other class. inter ә 
| emarkably 5004. Further, as we es 
ositive Correlations, We are only concerned with 5 
8 in the immedi ighbourhood of the oper 
es Tange, we have the EVE 
"cement between observat! 


8 
ome 
Teases, the agreement bec 


mainly due to a few unusually hig 


well be due to errors of s Adequate tota 


d theory ig n 


value. Considering the total frequenci 
values shown in Table 3. 
and theory, but it should be noted that 
loss satisfactory. 


nra 


— 


DISTRIBUTION OF CERTAIN FREQUENCY CONSTANTS 


TABLE l. DISTRIBUTION OF г FOR POPULATIONS I, П anv Ш 


... . 
] т 
| 


Population 1 (р=0.5) | Population II (p=0-75) Population III (0=8/9) 
| | | 
central ob. expected expected | | expected 
VES served „ m" 
fre- normal approximation fre- normal approximation | fre- normal approximation 
quen- theory — | quen. | theory ^ ^ | | quen- | theory wea 
. 1 IL cies ! п cies | І | и 
2 р lee? 
M | Oy | w в) | @ | @) | (ву | | w| an} a», d» 
oaf 1 | 041 | o3] | oo| 00] 0-- 
0-7 | — 0.2 | 0-7 | c А 0-0 0.0 | 0-1 
14 — 04 | acl} x] od О 90$ 
2.2 | 1 | 0.5 l|. == | 04 0-1 0-3 
| а 0.7 1:8 = 0-1 0:2] 0-5 
| 21 0-8 $a = 02| 02| 0-6 
455 | 2 1.0 2.5 — 0.2 0:4 0-8 
УЗ = 1.3 | 2:9 — 0.3| 0:5) 190 
6.3 2 1:7 3-4 — 0-3 0.7 1.3 
j т. 13 4 2-3 sol — 0.6 0-9 | 16 
8 Sk 8-4 6 3-0 4-6 1 0-8 1-3 | 1-9 
3) 9- 9-8 3 34 B3B — 1.5 4] 9:5 
af 10. 11-3 | 6 5:1 6.3 — 1.7 2.4 343 
"| 12- 130 9 6-7 7.6 3| 24| 33 3:8 
: 8 13. 15-1 13 9-6 9-4 5 3-7 4:8 5 7 
6 16. 17:6] 12 13:5 11:9 3 5-9 71 1:6 
8 19- 20.6 19 19.5 15-7 7 11-2 пл 
18| 2 34-1 26 29-2 21-9 | 3| 19:4| 12:8 
4 26.9 29 45-4 34:3 8| 39-4 34 
8 18:7 68 52:2 63-1 2 | 106-2 | 105-9 
300-0 200 196-6 | 200-0 | 200-1 | 200 | 201-6 | 199-9 | 200-0 
02 32.09 44.50 17:21 -27 14-34 | 19-88 | 25-56 
15 15 11 CNN 8 
000 0.077 0-000 0:072 0.379 0:040 0-006) 0-001 


т 
l'ABLE 2. FREQUENCY CONSTANTS WITH CORRESPONDING ‘NORMAL THEORY’ VALUES 


= 
гаа Population I E Population II l * TID 
ее observed expected | observed | expected observed | expected 
Mean | 0.4590 | 4517 — 0.6770 | 0.7012 0-8580 1 0.8560 
» | 0.4598 0.4239 0.3331 | 0.3095 0.1547 | 0.1927 
Bi 0.6323 | 1 -0315 3.0007 | 4-1720 18-3845 12-1821 
Nos | 27574 3-4191 6.6138 | 7.0582 31-8453 20 4275 
ness | 2.3048 | 1.7097 1.3761 | 1-9502 | 1.3713 | 2.0396 
—— | 
TABLE 3. GROUPED DISTRIBUTION OF Ar EITHER END OF RANGE 
X 10 
Total frequency | observed normal theory | — ше E 
98 | | : | I II 
Population T Below zero | 23 TT 34-6 
elow zero | 34 31-4 38-8 
Р Above 0-7 | 19 7-0 71-8 69-7 
II Below zero | 10 9-0 17-0 20-0 
Above 0-8 97 97-6 85-8 97 -4 
III Below zero | 1 1:9 3-1 6:4 
Above 0-8 | 154 152-0 145 :6 | 140-1 
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Intable 1, large deviations from expected values are tonnid only ur авон 
intervals 0-0 to 0-1, 0-1 to 02 and 0-9 to 1-0 for Population 1. For ipsos f bo 2 " 
0.2 and 0-7, the deviations from theory are very small. In the same table, for Populatior А 
and III serious discrepancies are found to occur only towards the positive end of the range: | 

An important result revealed by this study is that ‘normal theory’ gives а fairly goos 
fit in the immediate neighbourhood of the population correlation only when this pom" 
is not very high. For Population I (p= 0 :5,) for a deviation from the theoretical as gre? 
as 0-25, we are justified in using normal theory for tests of significance. 

For Population II (p = 0-75), a sufficiently close agreement between observation 
and ‘normal theory’ is noticeable only for values of r below 0-75, and above 0-10. For апу 
observed correlation falling outside this range, ‘normal theory’ tables cannot be used, as the 
total frequency in these tables is not large enough for a discussion of the frequencies at the 
5 and 1 per cent levels. For Population III (p = 0-88), ‘normal theory’ values show agree 


: = sustifv the 
ment only between 0.3 and 0-8. The observed agreement is not sufficient to justify 
use of ‘normal theory’ assumptions. 


The constants of the sampling distributions indicate very good agreement for nt r^ 
iati * | 28 for 
and standard. deviations. The values of the betas are also fairly close, except 


: ; ч e — ases us P 
Population ПТ. According to normal theory, the skewness of the distribution increases A8 f 


б : А , r Я ^ znimum 
increases. But the observed skewness is maximum for the first distribution and minim 


for the second. р 


DISTRIBUTION OF 2 


"e^ " "T " . in the 
The theoretical distribation of z has been showa to be approximately normal in 


A ры zat when the 
case where the parent population is normal. But if this property is found to persist W hen the 


. А MEO 
parent universe is a skew one, then we can safely apply tests of significance to values 
transformed т. Table 4 gives distributions of = where the 2 


3 "T ering 
гой z-values were obtained bs ent 

з d N . 
Fisher’s table (4) with the corresponding value of y. 


m 
PABLE 4. DISTRIBUTION OF 2 


| . 
Е 1 | ЖО Population ILL Central Popula- Рорша- | Population 1355 
of z | ob- | expec- values tion I tion 11 ob- | CM 

T | - | served ted ofz А чагуёй tec a 

| a 

1 | — — — — 0 
a! ow E: E = | Below 110 10 12 4 1 
—140 1 E E. cd bdo 1 11 23 10:9 
—0-90 2 = — m 2590 — 9 19 ' 12.9 
—0-70 2 1 = бл 23 ii 1 g 7 0 
—0.50 | 4 i. === 0.5 22 — 5 9 49 
—0-30 9 2 = 0-4 EN — S1, 2 245 
2-0 | 32 6 == 1-0 210 — 2 5 13 
0-10 24 бы Ж 2.0 340 | = 4 : Qu 
0-30 20 18 | 3 3.9 3-50 — 1 3 | 0:2 
0.50 20 19 j 5-8 3 aa = == 3 0-1 
0.70 23 16 1 3.90 == || = == A 
0-90 27 ЗІ P 5-3 4-10 — m H | E 
1.10 20 14 E 9-8 4 30 = — 3 ea 
1-30 12 19 233.3 а | — == 2 
1.50 12 13 5:0 Total | 200 200 200 2007 


It is seen that the betas of the first two distributions agree well with theory: 


p M" d 
tho third distribution we observe deviations for the variance and betas. The expe? е 
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PARAMETERS OF THE DISTRIBUTION OF 2. 


Parame Populatior 
metor E Population 11 Population Ш 
= obssreod | —— Бор 1 
Mens ые $ expected observed expected | observed expected 
06190 — — — x К 
и, $ 0 6143 1-16 
.402 < -1690 1-0713 73 
0.3920 D 1.7310 .5997 
ji, 0-421! 1 +5337 
р 0.1616 0 — e 07505 0-4066 
в 0 4530 Pie 0.0000 0.4727 ME c 
By “5660 E PS 
0 4332 0.5374 2.7799 етта 
B. 3 0 -0005 Pss 0.5175 
ы d 3 .0655 
Skewness 2.9479 = 0 -0655 0 -0000 | 0.5100 0.0006 
на 23-7945 a. TER 
— (06234 en 3 1861 зїї 48193 3.6325 
— 0 -0059__ _0-1211 | 0.0000  !  0:2320 Q -0089 


assuming the parent universe 
bles by entering values of 
the theoretical values. 
above 2 :60. 
мгу equally 


vU 
alues in thi 
$ 


to are those of 

be normal, Tl hose of the corresponding 2 distributions! 

E . еу were j ч 

"A mean =) о E were obtained from normal probability ta 

e z "here ` ? Í 

observe that the means and the standard deviations are 
pt for values of 2 


"i 
пе 
total observed very where exce 


agreement is good e 
of the theoretical 


frequencies : : 
quencies on either side mean аге fi 


bala’ 
anced fi 
or the thr a 
three distributions as is shown below 
Frequeney 
ыз ai. edens tm Population 1 Population п Population nu 
Below — 
эу mean 95 98 \ 
9: 98 
102 


Abov 
= bove mean 105 


ediate neighbourhood 


skew popula 
nding 


i the imm 
correlated 
than the correspo 


In 
of tl the last 
" st case we also fi : 3 
1e theoretical se we also find that agreement 18 good it 
с lues М 2 я 8 ; 
ues, For correlations obtained from highly 


tio 
ns 
» S, the z-trar { 
on - transkormati А 
n nation might provide à better test of significance 


al th 
eal cory’ tables w 
Р sles when the observed . value does not 


y 
theoreti- 


deviate greatly from the 


VARIANCE 
es from non-nO 


tions 18 not 


DISTRIBUTION OF 
to either 


The exact 
хас dis `1 T d H B 
tribution of variance in sampl rmal popula 


known 
t But as 
hi AT, type = Le Roux (1931) has observed, it may be supposed to conform 
Or Mon or type VL of Pearson’s curves: Tchouproff (4916) first gave the formulae 
ater Church (1925) derived them again 
f size 5, the values 0 


lenta x 
S of tl 
he vari: "e 
variance distribution and | 


Owing 
ct method. For samples 0 


le "Student's sl 
s' shorter and. more dire 


fiv, 
St t 
won 
101 " 
nents and betas are as given below. 


M'. = № 5 Me = № (+) ®% 


y * 

anq Where ” 3 4 

of o В, 8 M', Ma, B, Be, are the moments and betas Åe | b — ed ributio™ 

p Bi ives y BE га 1 ulation. he 053 

lica n pcenis г Р as ti observed and expect d values 
6 and Er di 


ха 
of 90 nd 02, fror 
n each of the three populations as W 
in the f 


nst, 
ant; 
8 o Я x 
f the variance-distribution are given int 
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ND y. 


i 1H 
lati I Central | Population II Central Population 
ion "e Г ‹ ul ] 
Central opu — gs Values | ve | " Y eines ut 
/alues X < à BINOS. 18 . 
за Уеа | 24 26 | a 12 5 
32 23 | 25 1 0 15 
31 | 3 E P 2 
| 15 | T 20 0 17 
ә z ) : 
1 39 13 E 15 
| 1 | E 14 13 
E ў 11 10 
TE i i 
5 | 6 T 1 б 
ә | и ^ b 5 
в | 2 3 : 
з | 1 2 3 » 
3 5 3 T 
5 | 3 | 5 3 | 
= : 29 
5 3 { 1 2 
| 1 1 Ё | : 
| T = 
| s 2 42 -0 1 | 1 
E E — 44 0 — { 
| E — 46-0 1 | 5 
2 T — above 47.0 4 | 
| 1 1 3 
12-75 | 1 б Г | 
above 13 1 5 above = m | | am 
Total . 1 500 Tott | 20 | -300- Total 200 1“ 


From table 7 we note that the 
less than what might be expe 


in Population I. 
third case are 


TABLE 7. 


Another point of difference is that the 
both less than half the 


CONSTANTS IN THE DISTRIBU 


+ — : dora bly 
к А is considera b! 
observed B, and B, for Population [ is vai "m 
roossivo skev 
сеа. This might possibly be due to the excessiv n in the 
is s 
observed standard deviation А 
ee fairly well. 
expected value. All the other values agree fairly 


TION OF THE VARIANCE. 


| Population 1 Population II Population 1 
Constants ы _ Observed 5 observed observed | expect’ 
v y | expected! m y expected i Y » = ah 
— = 255 ВВ irae r marcam MUT 
(1) (2) (3) (4) 5 (7) (8) (9) 00 
— 3 = 40 
Mean | 2.9650 2. 3.2000 | 6.4000 11-1450 | 10-9400 15 6065 
ум, 378487 ү А | 41721 | i 6.7124 | 6-1130 | 5-5133 16 4015 
B, 3.3340 | 1- 18 -3696 12. 10-8489 | 6.7241 | 3-4766 2 
B. 5:0631 | 4.6468 | 35.9585 22-3593 | 20.1694 | 12-4583 | 7 


The theoretical distribution of the mean whe. 
+ 09-16-х 
type ПІ population of the form y= 


Since the marginal distributions of the parent 


Y =Y, VE and y = y, ai? 
y 

y 

y 

In calculating the ex 


that the unit used in the parent distribution is really x2/ 
values, the moment p, obtained from this should be 


DISTRIBUTION OF MEAN 


a 
4 тот * 
n samples of size п are drawn fi 1 
zin 
ner (12)? 

———— Was pr "wi 2 dh 
p) proved by Irwin to be (1927) y— rap | 
, 

Populations usc, 


Жо саша шей EA 
d in this paper are y 
an-distributions will 


) 


ех. the corresponding me 
= ((5u)! e 4(5и) (5 
{ (би) e 5и) }/т(10) 
(() ene егэ" d(5u)) |r(22.5) 
pected moments from these 


be given by 


Р Р ambe 

equations it has to be remem ved 

DP Я А ser 

2 and so for comparison with obser 
"is ; О 

multiplieq by 2: for all values 
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"Tables У 
s Sand 9 give > servi istri i 
небнай. the observed distributions of x and jj from the £hree populations as well 
served and expected values of the constants. a 
т BR TRE GN 
TABLE $. FREQUENCY DISTRIBUTION OF THE MEANS 


eentral | Population 1 Population 11 
ENSIS E ME 
values Y | „ central " central 
— а y values ЕЯ y val 
75 — ЗА alues 
0-7 5 2 2 р 
0-0 ч 6 6 
n П у 
l4 15 
1-5 13 36 
17 | эв 37 
10 15 25 
2-1 15 28 
2.5 i 
2.3 25 16 21 
95 = PI D E 
13 х 17 » | 
2.9 14 7 - | 
3 6 14 1 
1 9 2 
б E 
1 
4 р — | | 
3 = 
| » | 
3 1 
3 1 І | 
above . 1 1 | 
— 2 
— Total rr 7 $55 | m. | | 
— 200 , qx TY = E 
З 200 Total 200 200 J Total 200 200 
The 


Are r == 5 

' greemen s first day ; А 

higher moment з of the first two moments with theory is everywhere perfectly good. 

‘nts show deviati : У nee T А 

for this behavic ый deviations only in the case of the distributions of F, but no explanation 

MS aviour is evident fr i i 

EM rom : spec "eauencie: Serv i 

fairly good манен m an азр ction of the frequencies. Observ ed 6, and В. give 
ximations to theoretical values in all the three cases. 

N THE DISTRIBUTION OF THE MEAN. 


FABLE 9. Con 


— 
P " 
constants opulatjon I Population П Population ILI 
А observed — | observed Tat observed | Я 
== © expeeted | expeeted m. — expected 
— |. y | x | y Ez y 
— 0 * | — 
— LE He) (4) | (5) (6) E XN) (9) | (10) 
Бә 1-95 Г | ла - T 
0500 | 1.1120 2.0000 | 3:5275 | 3:4975 1.0000 | 9-1250 | 9-1050 9 -0000 
ГА 
2 0.66 Я 
| 6686 | 0.639? 0.3000 | 1.3550 | 1-4807 | 1.6000 3-8211 | 83-8857 | 3.6000 
Ha 0-3506 x 
0.3506 | 0.5277 0.6400 | 0-6706 | 1 "0051 1.2800 | 5-2403 3.7697 2.8800 
и | 1-4401] £ | | | 
| 0 2 mi 2.6880 4-5058 | 8:2453 9.2160 | 62.7680 | 45-7864 | 42 -3360 
В, | 0-4112 | 1.0069 | | 
Р | 0062 | 0-8000 0 -1804 | 0-3074 | 0-4000 | 0:4922 0.2422 | 0.1778 
Bs 3.2217 | к 
1 5 +1862 | 4.2000 2.4508 | 3 7804 3.6000 4.2989 3.0325 3.2667 
SUMMARY AND CONCLUSIONS 
ental sampling the 


by means of experim 
and where the variates 


h of three 
5, 0-75 


In this er ғ 
n this paper an attempt is made to study 
ation is of the type III form 


distributi 
ribution of r when the parent popul 
ve were taken from eac 


Are Highly correlate 5 à 

ee lese ече For this purpose, 200 samples of fi 
and 0 ax са laws are known, and having correlations 0 
Dee recorded авв jo of transformed „as well as those of variance and mean have also 
TE Pom bn Eo ea ar their first few moments and betas agree with theoretical results. 
Population at 4 noted that Зена is maximum for Population 1 and minimum for 
‘ o study the significant changes in the 7-distribution due to changes 1n 
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population skewness or population correlation, we should have taken either all populations 
with the same correlation and varying skewness or vice versa. Further it might be of interest 
to draw samples from populations with different marginal distributions. Such detailed. ana- 
lyses are, however, beyond the scope of this paper. It might be mentioned however that 
in a previous investigation of this nature (1941), the change in population skewness is 
found to have no apparent effect on.the symmetry of the „distribution when the popula- 
tion correlation is kept constant at zero. But it is observed here that just as in the normal 
case, the r-distruibution becomes more and more asymmetrical as p increases from 0 to 1. 


Some of the main results emerging from this study can be stated as follows :— 

(1) Close agreement with ‘normal theory’ frequencies is found only in the ranges 
0-2 to 0-7, 0-1 to 0-8 and 0:3 to 0-8 respectively for the three distributions of r. 
At either end of the range, the total frequencies agree well with theory. For Population "E 
the frequencies at the lower end of the range do not show agreement ener with ‘normal theory” 
or the approximations. | 
1 E. NS oos = of z show good agreement with ‘normal 
i рни ale oF жы vs the frequency constants. In the third case, the only 
D URN en is 11 e above 2-60. The observed distribution is slightly 
E er m E di T TAN from ‘normal theory’. In all three cases, the 
s DU. de MEL e means are fairly equally balanced. 
for sampling distributions from Popula E ions, good agreement with theory is noticed only 

ere ee opu ation II. 

( n-distributions show good agreement with theoretical values. 
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ВУ N. C. METHA 1.6.5. 
Lucknow. 
While I am conscious of the great honour done to me by the invitation to address 
technique of statistics, Iam pro- 
| have, however, the little 
a time when the science of 
It was considered 


" meeting of specialists and learned men well versed in the 
n conscious of my deficiencies for the task allotted to me. 
€ of having been trained up аза student of economies at 
statistics was а part—although a minor part only — of economie studies. 
seeding World War Ito be in a position to 
анна indies: "Fis lua А gures and iiis learn the Кав 
in this field. А p * | ** quarter of в century has „however, wrought a veritable revolution 
BIG entice жу - at the contents of ше last шше ofthe excellent periodical Sankhya 
show the range and strides of modern statistics. Apart from the usual 
studies dealing with census, ant hro- 
of health data of university 
sthetic judgment. 


a tribut Before I proceed to discuss the subject of this evening's discourse, I would like to pay 
à tribute ч sa 
ite to my old friend, P. C. Mahalanobis, who has been responsible for putting Indian 


talent on the statistical map of the world. The Statistical Institute has now attained interna- 
it has its branches in Mysore, Madras, Bombay, 
still housed in the modest premises 
hed by the magnitude of his 


enough — Р " e X 
igh—I am speaking of the period just pre 
recognise › " $ ‘ 5 

enise the obvious flaws in the statistical presentation of fi 


excursions i = В 
pomet ws in the higher reaches of mathematics, there are 
etry, periodicity i : € 
ons : ‚ periodicity in human reproduction, examination 
i etit, жаи ИЕЫ . | 
tandardization of marks and even а factual analysis of ae 


national re 
onal repute, and despite the fact that 
the headquarters are 


- Mahalanobis s own laboratory. His modesty is only mate 
Ribera which are the fruit of almost single-handed labour during the last 10 years 
сенн Ths periodical that he has been sponsoring for the ан, 8 years would be a oredit 

ifie literature in any part of the world and I would like to take this opportunity of 
congratulating the galaxy of young men who have been responsible for maintaining such a 
i у | pages of the Sankhya. 1 would also like to thank 
of organising а braneh of the 
ning the first meeitng at such short notice. I hope 
his enthusiastic guidance, for in these provinces 
of statistics of all kinds. With five 
Tt is, however, à study which 
of thought. There is 


Lahor 
аһоге, Р * 
Poona and now at Lucknow, 


ын pecs of scientific research in the 
Эчә: ^ шп Mukerji for readily accepting the task 
that the be и. Lucknow and conve 
Beare here каит will flourish under 
universities in pad well-situated for an intensive study 
те гов той 1 there should be no lack ый talent. 
Juge] gis 3 с і work but also extreme precision and clarity | 
Ò 9 г vagueness of conception ог slipshod handling of material. 
nstantly increasing. 


Wi MET К жа 
ith the expansion of industries the volume of statistical data is со: 
of certain facts 


al presentation 


primarily pr 
у pre ге £ Tei . k H 
y prepared for administrative purposes makes us any wiser than before, unless special 


Thi 
is, however, does 
does not necessarily mean that the numeric 


ж Prsi " — A 
Branch e ООЛО i3 Guies at the inaugural session т Lucknow of the United Provinces 
Radhakamal кн Я Abish ical Institute on 15th November 1941. This and the following papers by 

Mukherjee, Shitla Prasad Saxena, №. G. D- Joardar and J. K. Pande (which were presented 
ovaciata c is то reached Caleutta between December 1941 and April 1942 in the mida of пеше 
| stitute from Calcutta to Giridih, and had got mislaid. We are publishing these with 


apologi. 
Pologies for the great delay. Aitor. 


befor 
efore the same se: 


167 


pm 


Vor. 7] SANKHYA: THE INDIAN JOURNAL OF STATISTICS [ Part 2 
OL. A: 


care is taken in defining exactly what it is proposed to achieve by the collection of ps - E 
tical data. Students of statistics in fact know that while there are polita 3 figures х ^ 
found in almost all administrative offices, these mountains "aps little € * 
capable of yielding but little, primarily because ii lay-out in ihe matter — pha ; | E 
data has not been scientifically designed. 16 is curious that while the пасеву for statis | | 
has been implicitly recognised by all Governments, the desirability of having * — = 
statistical staff to advise on the proper methods of collecting the data and utilizing them ш 

been but very partially recognised in most of the states. The result has been that vast masses 
of statistical data are only significant of wasted labour. Fortunately, however, the — 
ing results achieved by modern statistical technique have led to a growing recognition ei - 
usefulness of proper statistical advice in the matter of laying out the experiments and inter . 
preting them. The Imperial Council of Agricultural Research was perhaps the pioneer in 
this country in adopting modern methods of statistics and utilizing them in co-ordinating 
agricultural experiments laid out in various parts of the country. The result was, however, not 
achieved without considerable cost and also perhaps some expensive mist 


akes, It is, how- 
ever, good to see that scientists in various hranches of knowledge 


have now come to recognise 
that the part of their work, which is suseeptible to numerical re 
to gain in significance if it is handled by a qualified statistician jd 
interpretation of numerical data is concerned. It seems to me that it would be excellent И 
there were a Central Statistical Bureau at the 
it would be to see that the various figures coll 
Were gathered in accordance with the acce 
Studied and analysed. W 
the simplification of the 


presentation, is likely 


ч ; and 
‚во far as the collection ant 


headquarters of every Government whose duty 
ected for the various departments of the фи 
pted canons of statisties and were to be periodically 
hat is perhaps required is not so much the collection of more figures 27 
methods used and tbe elimination of the 


I propose to refer to some of the 
statistics dealing with soci 


background of concepts, 
one can properly 


obvious sources of error 

difficulties which are inherent in interpreting - 
al sciences, for one is apt to gloss га 
conditions and ideals 
understand the 
figures dealing with Sickness ати 
statistics, one is apt to overlook 
of which these figures are but outward symbols. 
nificance in terms of human values; 
kept in the forefront whenever one is 
of casualities arising as а re 


over or to ignore altogether | 
fore 
the 


y it al 


‚ Which must be clearly understood be 
new medical data. 


d mortality. 


? s 1 б; aths 
the tremendous social significance of births and Че 


Let me, for instance, refer to 
Аз one analyses elaborate tables o! 


ге i i sig 
No set of figures can possibly convey the be 
о: | А vm DO 
and it is Precisely these values which must always 
dealing with Masse: 
sult of the war, 
a vital matter determining not onl 


population. And such change ma 
but will also have immense psycl 
For instance, it is said that as 


в of figures. Take another p 
Here it is not & question of so many deaths M 
Y the present but also the future composition of the Ө. 
У not only affect the physica] characteristics of. the people 
ological effects which "end ut 
a result of the = 
stature of an average Frenchman declined. 


effects in both the phyzical and the me 
of the great war, and the psychologic 
end of thefgreat war 


may continue for a long 
ive Prolonged wars of the French Revolution | g 
There can be no doubt what exer that far-reachive 
were 
al make-up of the 
was vitally affected by 
various countries in the world. 


" 68 ue st 
ntal spheres Produced as a result of the holoc®™ 


+ a” pme 
generation which came forward at the 
hy v 


the tremendous mortalities suffered 
What I want to stress is that while 


the numeric. 
be the same, their signific 


ance may be quite differe 
backgreund of these figures is different. 


. os max 
al results of Severa] sets of figures ? 


а 
n ері? 


t because the 


« с 
Social or the con 
Can there be 


ч a larg А 
any doubt, for instance, that a 
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EM ee ^ è result of hostilities is bound to have a very different set of reactions- 
vitac page I _ рег BE mortality arising out of natural causes“ One may lead to a 
silane 3 мн ition, while the other may not produce even а ripple on the traditional 
Sos m начы set ni figu ^ wich in times like these come into prominence. 
the achieve an ene S p pado шу ый ob ries ШП e 
„ in | of view but interest the manufacturer and the workman alike. The 
ages is, of course, organically connected with a correct working out, proper 
been 


we:chi Р s x 
int ea T еса interpretation of price indices. A great deal of refinement has 
йек a ые b Жа ШЕ out ШЕ inge numbers and considerable amount of 
paed may be truly 5 : — to She proper distribution of weights so that the indices so pre- 
the тебине к 1 of the oe actual budget of expenditure. But when all 
substantial and a sos А eties of modern statistics have been exhausted, there still remains à 
with ЖУПН wil 3 hr ceres hinterland where only a носії ушайла combined 
will not lay "i 55 e i. light up the dark alleys of social life. Mathematical ingenuity 
а means of en iib longe їй terms a human valass, for statistios are after all merely 
Presentation be Деу эзы data illustrative of specific phases of life. Numerial or graphie 
be ee черан ss imparts a certain definition and preasan: to the ideas, but it must not 
at they only show an outline of the picture and not the whole of it. 
ex number which we use in ascertaining the quantum 


"m 
Take, for i 
or inst: 8 
: instance, an ordinary price ind 
While weights are carefully distributed for 


Of relief А 
ef which s » 
h should be given to the workmen. 


Various i 
$ articles of А . 3 i 15 1 
vital m les of necessity, no account is or сай possibly be taken in the matter of certain 
E ecessities Hu a : е 5 $ A A 
sities of life. For instance, a modicum of medical relief is required by everybody 


and 
ided for the purchase of medicines and drugs. 


a certai ы " 
tain amount of money has to be prov 
las to drive the article 


8 К 
занат a pad p up beyond а certain leve 
at any m "s ащ capacity of the workman, or if He articles cease to ре easily available 
"i 4 a К hatever; the impact of such a state of affairs on social welfare is paa all propor- 
simpler еж eec value in an itemised schedule of к workman's budget. Take even a 
moved u р d p here is at present a definite shortatge of cloth and cloth prices have sharply 
ааны наша the last few weeks. While a certain amount of economy in орози go is 

ss possible, there is а limit beyond which economy cannot go without serious repercu- 
| n the matter of food as well as of clothing must 


price of these articles goes 


Ssions " 

be ERE. welfare. A certain minimum in the rell аз m 

Wiat Suet sue ты nies have to maintain their minimum standards at efficiency айй. Пуш: 
particular figure is, it is at present not possible to say, but in à capitalistic society, 

these considerations have to be kept in 


Particularly wl 
arly when Governments are involved in war, 
as a result of abnormal 


mi es а 

— al standards of living may be adversely affected 
ge of commodities. 

labour ed чы UM ee We have recently increased the us pne 

esso ES ies tai ities У ffa „ 

Waking u Chis ПОШ of bin шош of cer n риш While "t e А 0 Г Ee 

the effect is Тео dun ii Ac icles produced is obvious, it is not quite obvious W | 

diminished vt ani d i e worker himself as a result of increased wages, enhanced strain, 

there is an дани 5 m mer contact with his family. 1618 of course well-known that 

hours of waters е? я QW ШШЕ beyond which efficiency reacts inversely E the increased 

as the effect ке p dios une question of efficiency in terms of output is not quite so importen 
he individual as a social unit. 16 is of particular importance if national effi- 


ciency is к я А 
У is to be maintained at least at the existing level, if not at a higher level, that the in- 
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‘isure ds inten- 
117 st be compensated in such a fashion that the —— k E mm 
e individual continues to function not only with his pre у 3 
ve dietis эн pd Bra able to discharge his duties with equal effectiveness vi: 
but also as а шеп who А ч а: реа 
his family, his particular social group а 


i "X i n і зро g * the the army. 
n this connexion M bl otc е prac e followed in . 
0 est оп ле practic fol 
In tk it would be inter mg 
5 Connex) t t t ote t 


ere the State sovert sible 
Е indivi i Sp posst 
i ance > lividual at the И 
i i 7 хез over the maintenance of the inc 
> Ste mmediately takes over 
Here the State ir k 


"Taf 
1 ief биле of le 
i r ы i 2 lical relief and the 
ici ye refor гоа ses the food, clothing, mer 
level of efficiency and therefore organı 


[ S ч iet y 
a E o 1C ‹ les i any ах 
: " "bes relieve the men of : ПА 
indivi в i "s even further and trie: to relieve 
e vidual soldier. i goes eve 
sure of the indi t tl t 


In 
on the score of their family members by systematic and periodic 


al work amongst them. 
: ; Га multipl- 
1 P efficienev: is tion of am 
ther words the army realises that the maintenance of efficiency is a funet 
othe 5 А 


; result is 
city of different factors and all these have to be carefully co-ordinated if the maximum rc 

to be achieved. The effect that soldiering produce 8 
confined to the period of the war but is far-reaching, It is Бу no means an i 

Punjabi worker, skilled and unskilled, 
commands better wages and 


“ely 
Е mere!) 

s under such circumstances is not 
* dia. 

‘ay rot In 
is found throughout the length and. breadtt le of his 
: ; in: i eoe 
perhaps has a greater initiative and stamina than p an иет 
own class outside his own province, The 

occupation where the individual needs 
dual—I am primarily t 


55 м 
reason is that soldiering is at preset is pui 
ently the 
are considered as а whole and consequently ioe 
А х *oreanised: anc a 
alking of men and not of officers is deliberately organised 


tative 
initialſ“ 
i as а certain ¢ unt of in 
to the highest possible pitch of efficiency. An ex-soldier has à certain amo 
and elan which would not be ordinarily found among the poorer classes: E 
: А n ars are as 
To carey the argument a little further. It is obvious that modern wars 


conflicts waged by me 
industrial front as the 
it is obvious that the organisation of the 
to which we have been accustome 
question of social we 
of the country, 


n аз by machines and that the f 


B 
ей on th 
factory worker is as much needed 

soldier on the line of battle. 


„ret orie, 
If this is more than а mere piece of peut 
industrial worker falls very far short of the nl any 
d in the fighting forces of the country, Apart Pr 6 
n from the point of vie 


Ре 
Shop РОСТО 
d op ` : тич rer req 
hat the organisation of the life of the industrial work wages 
i 1 = T К er 1 
h more intensive than is the case at present. Tf longer hours, bett 
larger total income, diminis} 


orscly 
: cM vacet а У 

‚ Mcreased strain, if all these are not to reac 

on the industrial me 


ка : $ Sis equirenm 
fare, eve w of immediate interest and re a 

it is obvious t 

to be very muc 


ied leisure 
chanism, 


or 
less on the same lines as the 


— re 
8 imperative that the worker should be looked after n the 
Worker in the field of battle. 
ased wages must not be 
oidable breakdown or 
ards the org 


highest degree that incre 
must not result in ay 


For instance, it is important r rain 
dissipated in drink or that increase’ ofa 
sickness, ne of 
anisation of our 

war. А certain amount of Work 15 


is needed if the increase 


nt 
z OX yen 
All this means the de velo] 

new outlook as reg 


economic life, at 


; {п 
any rate during the 
ing done by welf 


в more 
us 


already be 
d strain of working longe 
rs themselves, 


The reforms 
community kitchens, greater facilities for me 


bulk of our urban labou 
increase — industrial efficiency. The 
questions of labour we 


. когу mue 

are centres but very n jeteric 
5 ‚ dele 

зе borne without апу d 


obviously indicated are the establish! in 
са] relief 8 7 


r hours is to | 
effect on the worke 


nent 


the 
matter of housing the 


| + change 
and revolutionary chang р 
{еер U 
anges are needed to Кее] 
Point that 1 wis 


e are 
я h to make is that these 
fare so much аз inevitable reforms it the 
maintained at its highest potential. 


ant 
m 
ra м not 
s 40 be 
: А 18 t 
industrial economy 

In this connexion I might cite 


rather an inte 
eval India. When the famous tem 


resting episode 
eing built( 
nw 
of the famous mir 


from the history à 
as acts of piety), it was a 


$ by 
as Investigated and it was found 
nister Tejp 


ples of Abu were b 


slow. The questio 
versatile lady Annapurna Devi, wife 


івсоуег” 
el that the progress of work was 


wad 
s 

al, that a great deal of tin 
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Wasted by th "айк x " 
cm - scum - каете themselves warm in the morning on the hill tops of Abw 
short опе. "Th is эзсе " : а е afternoon; with the result that the working day was a very 
and boarding on a e, an immediately grasped the situation and organised lodging 
eminently extisfastore Sake asis ma the progress of the work was thereafter found to be 
the | ы у. This mediaeval example is very much to the point in dealing with 

Their conditions of life cannot by 


woblems faci 
acing a great number of our urban workers. 
Tt is, therefore, all 


any mea 
. ans be regarded as р 
garded as caleulated to elicit their maximum endeavour. 


the n 
Tore essenti 
58 ial that earefi dit , 
hat careful planning and comprehensive examination of the various faetors 


should 1 

be undertiak . 

s aken її matter of planni m TS 1805 
Wertes, 1 the matter of planning new industry and organising the existing 


Before s 

йй. 8 = pantionlsr subject I might also say а few words regarding our cottage 

enormous strides — industry in this country and particularly in these provinces has made 

Industey js stilla HUS the last few years. Luckily, however, for these provinces the sugar 
subordinate to the making of gur just as the making of ghee is still by far the 


More j 
mportant 
ant me UN. : А Г tme 
ethod of processing milk than the supply of dairy milk in urban areas. The 
From the point of view of the villager's dietary it is 
ostly then his matha and 


reason fi 
ason for is Я 
r this preference is obvious. 


трогал 

it that he к 4 > 

skimmed E he should have his gur and ghee—or if ghee is too с 
. milk. T à Я ат 4 

cience h villages is vital for the maintenance of effi- 


in 


e gur that is available in the 
and it is just as well that we are still in a position to 


У of men and ani ; 
and animals in rural areas 
all them—still in the village, for the villager 


retain these 


is not at p produets—primitive if you like to © 
^" resent in ғ C des é 
town-dweller Xt in a position to afford the costlier but the 


less nutritive articles used by the 


various elaborate studies of rural life which have 
They all tell the same depressing tale 
on food and 


ua I also in passing refer to the 
of нечени рина in all parts of the country 2 
lothing. à and the large expenditure of the income of the grower 

stribution of .he resources among the 


у 


rc cently 


There is, of А ] 
€ is, of course, some variation in the di 
ak the routine of these enquiries and 


he causes thereof? The economie 
faetors and the impact of these 
Statistical investigators cannot 
andardised reports of this study 


various itema af 

баду ашура 2 budget but is it not desirable to bre 

map of the cour x bs drin: villages and ascertain ti 

factors is БИ “А. being constantly modified by various 

afford to waste a ded careful analysis and study. 

9f poverty in rur; - Laue in continuing to produce almost st 
À wal India. 


e the task of the statistician or the 


ocial science кыл ЖЫЛ 
oial science becomes enormously difficult ; but the help of statistics 1s invaluable 
recis 4 vi 1 8 . 3 В 

precisely with questions of this complexity. Statisticians in other words have to 


than mere scienti 

nere scientists arrangi à s : 
ntists arranging and analysing masses of figures according to the latest 

and have to equip themselves 


own symbols and read 


When 
" we co л st 2 c : 
Student of s come to consider questions of this natur 


in dealing 
be more 


met] 
ods of TUE 
their science. They have to be social investigators 


With " 
а vision whi 
sion hw 
their trends ; which would penetrate and see beyond the arrays of their 
ids in terms of human values 


Т oan je» pages of the Sankhya, Y am struck by the great diversity of the 
found that T aceritly, for instance, in an investigation among university students it was 
at the incidence of skin diseases among girl students was 10 per cent as against 4 per 

f the girls 


cent, 
among 78 р 
g boys, though the condition of general well-being was more in favour o 


than 

of b 5 ex 1 8 OE 

dence of 5 except in the matter of wearing glasses. It was suggested that the higher inci- 
skin diseases was due to the vanity of the gentler sex and lack of discrimination in 


the 
choice 
ce 3 á кы 5 7, 
of soaps and cosmetics, similarly the larger use of spectacles was not, it was, 
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ini yopia s ch as to the supposedly aesthetic 
found, due to any particular feminine myopia so much as to t 
T E ir assis has come into great vogue—particularly in Europe and X m 
Wein ов peni ie Ваха Вы trying to forget it as a mere superstition, щи пне ен 
unusual strain of the war this particular branch of human knowledge gt cy specs 
able prominence and apparently has a certain amount uf e in the ipto der pu 
citizens. Whatever the validity of astrology may be it is curious that statis 


Я Р , modern 
have left it severely alone. It would be interesting, for example, to apply the 


statistical technique to some of the problems dealt by bs he historian 
that I was ever told about astrology was by the late Rai Bahadur V aidya—the ond stars 
of mediaeval India. He told me that it was extremely doubtful whether planets pota 
had anything to do with the happenings of an individual life, but that it was W 
the bounds of possibility to arrive at a reasonably correct prediction by merely ex: be 
а sufficienctly large sample of horoscopes. 

similar to that adopted by the 
figures. 


ional thing 
astrology. ‘The most rational 


I should imagine that the method 1 
insurance companies in arriving at the standard more t 
In any case the problem is worth inve 

in this particular subject as well 
know whether an astrologer like 
are ever born at precise 
quite impossible to acc 


er 
stigation in view of the universal not 
as the general gullibility of the average citizen: Uriduals 
the finger expert makes the claim that no two = i па be 
ly the same moment, for without some such assumption it wo! 


or 
к ON. oleon 
ount for a solitary Buddha, Christ or Mohammad or Na] 
even Hitler at a particular period of history, me- 
А А A " ise in inco 
Leaving astrology aside, let me turn to the repercussions of the recent rise i 
tax. While the State has obviou 


ине pro- 
| "the war time L 
sly been getting а larger and larger share of the wat 


as 
fits it is perhaps not realised that the owner or the manuf 


facturer or the managing or 
also been getting a larger Proportion of the share of the industrial income than before, fot in- 
share of the income is generally calculated before і 
come-tax or for the depreciation of the plant, 


А үй О 
anything is allowed for the paymen 
obvious that the Proportion going to the share 


it is 
t 8 reer фах 1 
With a higher incidence of ape mana- 
holder has diminished, while that of tht 


d hich 1 
quitable or not is a matter with w jut taking 
ant to point out the shift in the distribution of income which is 
he change in ¢ 


exces’ 
: 8 of income.tax 
profits tax. It is perhaps 


ging agent has increased, Wh 
concerned. І only w 
place as a result of t 


an 


and the imposition of tie 4 
Variations in the distribution of И 
ontemplated at 
amples merely to illustr 
for the student of Statistics. The modern technique jg economical and does no e 
rely upon masses of departmental Statisics but with the complexities - life it is me 
necessary than ever before to keep ; ушаш cs namely 
the promotion of social welfare, 


jalys!* 
55 this is done, the ir analy 


160189 


all by the exchequer. 


| а that 
ate the vastness of the field b wholl 


Jies 


7 
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STATISTICS IN THE SERVICE OF PLANNING. 


Bv RADHAKAMAL MUKHERJEE 
University of Lucknow 


m 
— жш. jd меч sciences to-day is towards greater objectivity and 
dive ku also сэ . А " aim is poit only to give ch apes expression to human 
надо Ie tandis р е 55 predict [рап Statistics with its special techniques and 
Apparatus in these ip oie data quantitatively thus becomes an indispensable logical 
im wid "n the social вы 
ana eina — than the theoretical import of statistical 
world. It 2 90 5 аын іѕ demanding attention from social scie 
tidone iar ane: : orth while fa indicate here the major statistical criteria which s 
ocial and economie planning we are envisaging for India and by which we can 
ar. With the greater part of the world at war, it is 
outstripped his capacity and/or will to 
tive tests of progress have to 


studies is their role in social 
ntists throughout the 
hould 


epa planned advance from year to уе: 
ке 5 — : am of physical forces has far 
Meu — ee -— | То plan society certain objee 
9f living of the — upon, 1 he general test, of course, is the improvement of the standard 
standarda which жы ed е it is оных йо envisage certain objective living optima or 
National Planning ба i a mins а period of, say, 5 or 10 years in the country. The 
committee, (of sid 5 ab its second session appointed an Aims and Purposes Sub- 
ing the progress of an eo as n wa which y down certain statistical tests for measur- 
(1) Thei an economie plan in India. These were : 

E пе improvement of nutrition on the basis of irreducible minimum require 
of proteins, carbohydrates and minerals (as well as necessary protective foods) 
from about 2400 to 2800 calories for an adult worker. 

rom the present consumption of about 15 yards 
r annum. 


ments 


(2) "The improvement of clothing ft 
(3) Tue to at least 30 yards per capita pe 
(4) The кн. ен to reach at least 100 sq. ft. per capita. 

provement of literacy from about 10 per cent to 100 per cent. 
age expectation of life from 26 to 50 years. 
а narrow atomistic 
ve developed а much wider 


individual or group's state 


(5) The improvement of the aver: 
т 
theory : 8 school of economic thought form 
conception of fish: hue od Continental writers in wie west ha 
of felicity whid 35 andards and speak of "the totality of an nal; | я 
in its broad t ез : ould be co-ordinated with the entire living condition“ neee 
of drca ашан to be co-ordinated with standards which include working i E 
and prine ced and mortality rates, аз well as housing, food and ud e 
si ima ation. Such an ensemble cannot be expressed quantitatively by Mo s 1 15 
ауега, gress. On the whole, however, the increase of the average income and iner 
age expectation of life may be taken as excellent tests of economic progress 


and, indeed, 
the 
чы i - mic 
combination of these two tests may measure both economie and many non-econor 
To establish а national minimum income and 


ulates 


"Appoi 
Pointed by the Indian National Congress in 1939. 
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standard of health and economic security is accordingly the primary аві of planninz. м “ 
time, it is said, is not opportune for social and economic reform ш India. It must be nde 
out, however, that in England and in America the basic economic reforms sprang out of war 
conditions. The Atlantic Charter laid down the maintenance of national st 


living and social security as fundamental peace aims and the right of all 
о 


andards of 


countries. 
In India we must now establish minimum wages for unskilled workers and for lower grades 


of technical workers and introduce a scheme of insurance, to cover the risks of sickness and 
invalidity other than those covered by the Workmen's Compensation Act. Many years back 
Britain established Trade Boards to set wages in low paid industries while the soci 


al ser- 
vices that have now been organised have for their aim the maintenance of the worker $ 
standard of living when he is a victim of unemployment, sickness or old age. 


The major war 
industries in India are iron and engineering. 


In most countries of the world the average 
wage in iron and steel industry is double that of an ordinary industrial worker. In India 
the wage in iron and steel and engineering industry is actually lower than the rate pre- 
vailing in the textile industry. 

In the biggest engineering establishment in India about 12,000 workers or 40 рег 
cent of the employees do not obtain the living wage? of Rs. 20/- per month worked out on the 
basis of an irreducible scale and cost of living. In all Government contracts during the war 
there should be a compulsory clause safeguarding to workers the payment of minimum wages 
and sickness leave and allowances. War time planning dovetails into peace-time planning. 
On the other hand, the accumulation of profits of companies and industrialists without 


safeguarding minimum wages and standards of living is bound to lead. to a series of strikes 
like those which followed the last European war. 


It is also sure to create an embittered 
atmosphere that is incompatible even with economic stability what to speak of economic 
planning. 


The demand for the industrial workers’ 
affects, however, only 5 millions of Indian worke 
of about 154 million workers in the whole countr 
traders and professional classes. 


minimum wages and economic e 
: ; : у К 

rs employed in the factories out of а toti 

у. They are mostly agriculturists, artisans 


a A marked improvement of the standard of living of indus- 
trial workers and urban dwellers in India cannot be reached without the 


tions in the villages. In order to counteract the vicious circle 
standard of living, poor purchasing 


i PRIE 
improvement of cond 


А 1 oW 
of subsistence farming, le 


| | power, and industrial backwardness, the attack should 
simultaneously begin from the agricultural front with improv 


i ‘saith à ement of farming methods, prat 
tices and organisation and from the industrial front with the dire 


ss on rural industrialisatio"- 
Statistics in the service of economic planning re 


and comparison of activities in different sectors of soci 


. "Emi 
veals the necessity of integrati?! 
of agricultural production and the spe 


al and. economic life. The improvement 


Н eding up of industrialisation in India Which we may 
increase the average income and the span of life of the people 


i i —mutually support each other. 
An increase of income of cultivators can effectively speed up Ses мад and at the 
same time slacken the present rate of multiplication, a 


: А à Industrialisation specially in ue 
country-side which may use the primary raw materials from agriculture itigate agricul- 
tural unemployment, and improve both agricultural efficiency ала "ind EM era : = 
the engendering of new wants among the cultivators that rura] industeisdisstion foster? 
would have far reaching social effects. Wi 


th industrialisation, again, the surplus labour in 


the fields and farms would be deflected to workshops and factories and make tenancy refor™ 


А the level of 1941 prices. — 


STATISTICS IN THE SERVICE OF PLANNING 


inated advance on all 


practicable >|: = ; 
je. Planned advance is accordingly cumulative—a co ord 
es should, therefore, 


fr Е А 
otl — such co-ordinated planned advance, statisti 
ciat: d —— огаш! synthetic indices оро s for instance, the correlation of 
Bess unc ыз age and agrieultural industries with the decrease of small tenants and the 
g landless class; the correlation of increase in agricultural yields and subsidiary em- 
in birth-rate ; the correlation of 
of labour and decrease 
s such general 


oloyme "m 
. — -— inerease in purchasing power and decrease 
n wages and standard of living with increase in productivity 
Zosplan in Soviet Russia use 
Statistical schedules prepared by each 
ict inductive basis of the accounting, 


in cos г i а 
е t of production, and so on. The 
balane 


SUE for shaping and appraising the plans. 
mie unit of : 
opns unit of the country will represent the exs 
‘king а н 
king and. control of economie planning. 
But Y» Nation’ а ; 3 А 
the Nation's social optimum cannot be wholly expressed only by high average 
though these latter have the merit of 


income, | z 

‚ longevity 1 
ongevity, employment and productivity, 
Sociology is, however, NOW 


meas ёт 

neasurability that is denied to the social or ethical optimum. 

VF дош dosis à | Those which have proved useful for the analysis 
ds and direction of social policies аге: minimum differences in attitudes, 

1 groups ог classes with appreciable differences in 

groups Or political parties, 

nts and other 


developi á 
ping tests for balanced progress. 


opini " 

odi ssim of рокае betweer 

ки pea unison of public opini 

рө хевадлімоп of individual rights 

EI р of liberties, ete. 

— EE optimum is integral. | i 
- isure and freedom in comparison with 

same order 

In India the incre 


{ferent classes, cast 
loyment, inefficiency of mane 


on or unanimity of 
as judged by rarity of imprisonme 


A community with a high average income but 
a its standards at an earlier date or with 
of civilisation may be considered 


those і 
se dn е Dam : 
other regions belonging to the 
asing disagreement between 


tol г 
lave diver - r 257 
diverged from optimum conditions. 
es and communities 


between the di 


as poverty, unemp 
fore to examine changes in indi- 


uses of leisure as well as changes 
tability. These can be given 


ое: 2 

MN NUM and the social cleavage 
s much signs of social backwardness 

|t is necessary. there 

publie welfare, 


q ial and political s 
uantitati А 
titative expression only partially, and yet without them we have to abandon the integral 

itudes and opinions 


optim 
um concept. Statistical studies of the use of the vote and of atti 
ences in income and material-cultural 


of diffi 
oan in the society segregated by differe ultu 
так a or example, should reveal the extent of social and economies cleavage or solidarity. 
у ince and every district in India working under а National Planning Commission 
aking planning schedules by which each unit will 
ent of agricultural yields, the 


En therefore have arrangements for m 
able to measure the stability of its tenancy and improvem 
production as well as the 
public welfare and the 


power ¢ 
tfc Mi low average longevity. 
aal standar 1 s 
standards of living and standards of 


in th 
һе ec Mem 
onomie rights of workers and general soc 


inerea; 
8 ч 5 й 
impr e of horse-power in industrialisation and decrease in cost of 
ov ue 
ЖЫП ement of average income and longevity. th 
i А . 
ion of social, economic and political cleavages: 


e improvement of 
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DIFFERENTIAL RATES OF NATURAL INCREASE. 


Bv N. G. D. JOARDAR. 
Lucknow 


The growth of a community is attributed to three factors: (a) natural increase or 
the balance of births over deaths, (b) excess of immigration over emigration, and (c) fresh 
addition through change of religious affiliation. While the last two sources of growth 
are constant, the first operates in all groups under all normal circumstances. In 
гап expanding community more births take place than death ; in a steady community. the 


birth rate is offset by the death rate, but in a declining community, deaths make more gaps 
in the line than births can fill. 


Present enquiry. Six communities in the city of Lucknow were studied: the In dian 
Christians, Bengali Hindus, Pahari Hindus, Khattris, Kashmiri Pundits and Sunni Muslims: 
The first census was taken on January 7, 1938 and was repeated in the three successive 
years. The numbers for the different communities living in f 
in the calender years 1938, 1939 and 1940, the birth-rate 


amily organization, their birth 
à ie 
expressed in percentage and И 


natural increase per year as obtained from the census are tabulated in cols. (2), (5), (5) and 
(11) of Table 1. 
TABLE 1. NATURAL INCREASE IN DIFFERENT COMMUNITIES. 
E en — — eel 
: | no. of no. of women birth- mortality val 
Ed x т | fe- births in males | females | within re- | rate per rate per БЕ, 
ny Lek males males | different within re. within re- productive cent | cent np я 
M | | commu- productive productive period per per P a 
| nities period period per 100 year | year У 
| — | males — 
! (2 | | — - г — 

W eee | в (5) | um | О. 
Sunnis 419 142: | . 40 | i 
Khattris | 42 351 1123 ae 130 20 
Paharis 4398 295 | 1204 105 m | 11 | 11 
Indian | | 91-3 *. 

Christians 4032 2000 2032 284 905 Ж 1-14 

Bengalis | 4025 2001 2024 296 900 Ша | See ОЕ | ао 

Kashmiris) 660 335 39 160 | 100.0 953] 1,11 1.25 
| + | 100-0 1:97 0 «€ 


— - | 


жг. аш for the six groups of people studied 
among the Kashmiris ; yet they have the highe › 
nities with larger birth- rates have smaller 
to aecount for natural increase 


s А est 
the birth.rate is the low* 
36 rate of natural increase, The other commu: 
| survival rates, There were four definite factors 
чет a these communities. The positive factors: were (1) 
the availability of adult women in the reproductive age. (3 4 2 ive 
£^ (2) marriage in the most product 


period of life, (3) a solvent economie life and happy adjustment of envi t, and (D? 
s г environment, . 1 

И community life. These four factors were modifie? 

in various degrees by four other ones which acted as checks to tl 9 
iti T yer ү! i * M пе 

the communities. These were (1) poverty, diseases nd ighorengs 1 


and public life. 


sudden release from the old modes of a 


natural отом h 


Р a 
mortality rates, (3) 


changing conception of family life and (4) society 
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TUM Availability of adult women in the reproductive stage. It is a common place that 
= nen z * —— Ў à 
en and women are the potential parents of children and authors of natural increase. 


But tl : 
1e per Р v NEC og = а 
period of productivity is not uniform in all countries. From the present survey 
and 43 years in case of women and 


betwee 

etween 19 and 46 years in case of men with a negligible margin of duration here and. there. 
r of males and females within the periods 
1. But all these women were not avail- 
there were 95, 57, 
again. 


it was fi 
found that the reproductive period lies between 16 


Taki 

po \ Шш reproduetive periods, the numbe 

able for ni nes pipe pola (6) and (7) of Table 

BI ана y demi In the Khattri, Pahari, Bengali and Kashmiri groups, 

Gonidee du 25 мре ely who for religious and social reasons could not marry 
g that 20 years was the average period for child-bearing counted from the time of 

ars of married life. So their availability 


marriage $ 
age these widows had an average of ten ye 
en per 100 men after this reduetion is 


Was reduce "n 
shown i ced by half. The number of available wom 
own in col. (8) of Table I. 
Marriage i Р 3 j : E 
arriage in the most productive period of life. One of the causes of high fertility 


is suppos 
ed t T А A NS А . 44 
І l to be marriage in the earlier part of life because an early marriage brings with it 
marriage a shorter one. From 2,156 studies of 
periods of production were found 


are shown in Table 2. 


а longer 
г span fi Ө 
SV P for child-bearing and a late 
an of qe ades. oi =. = 
for w these six different communities, the average 
omen starti Е 
n starting to bear children at different ages and 
TO REAR CHILDREN 


ON FOR WOMEN STARTING 


DRENT AG ES. 


E PERIOD OF PRODUCTI 


30 | 31 
4 [| | 
aT m UNA avert Baas 
519-018-015-0 14 12411911 6 9-8 8-0) 50 8^7 
| 


age j 
ge m years 16 | 17 | 18 
7 8 


ave 
ears period in | | 
production |15 615-9 17-9 18:9 2076 " 


Total 


| - | 1 


——| | 
41-041 039 039 338-035 0039 -6 88 -3 38 -0 36-035 7 


| 
5.937 :9140:640 E 
ү м | 


ase the period between 20 and 23 years seens to be the 


n 18 and 24 years i 
unity with its 1 
etive period attains its h 
The birth of children 
average. Richer 


From the s | 
SOUS ea eps of natural inere 
t appears far. So marriage betwee 
Its judicious vis the data that the Khattri comm 

15 system of marriage in the most produ 


finite source of natural increase. 


sade 
and 


arger number of women 
ighest birth rate. 


A solv 2 E > X е 
vent economic life and happy adjustinent of environment. 


Wasr 
8 not pro B 

ort ate - м bad 
familie portionate to the economic condition of the 


parents even on an 
ldren had scare 
t the poorer cl 
t there is a corresp 


bet: 
Ween an i j Ў 

an optimum income and а larger number of children. Taking all the rieh people 
all the milddle-class people I found 


arried couple while 32 percent of the 


is inescapable 


ely more children 
asses of all these 
ondence 


8 which 88115 К 
than the mid had means to support a larger numbers of chi 
middle class families. It is remarkable to find tha 


Com РАО 
nunities have 
ies have on an average fewer children. It seems tha 


of tl 

hese or " 

8 аг groups together and comparing them with 
cent of the rich parents have 4-3 children per m 


midgl 
tdle class par р 
а fact 1 5 parents have 3:8 children. The conclusion 
or by its ғ 
by itself, needed to be weighted by other considerations. 


that income, though 


Е i à E +. s 
— sudden release from old modes. A large number of poor parents in the Indian 
Suan P | 
ап community had much larger families than other people of the same category. 
faith into Christianity- 


Th 
ese 
ar М 5 
parents one and all, were converts from the Hindu or Muslim 
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Was change of religion, then, a stimulus to natural increase ? The figures at our wn 
were only for 142 parents. We can not come to any conclusion. But the даш colle = 
in three large villages in the district of Nadia corroborated our hypothesis. Compared wit й 
their brothers and cousins, the converts had larger families, economie resources remaining the 
same. But in the second generation, the children of the converts definitely showed а pull 
in the other direction. They had fewer children than usual. From the study of 1.523 sons 
of converts, it was found that they had `87 children less than other people of their t 
The sons of converts had fewer children in most cases, not because they were sons e of con- 
verts but for the fact that they were mal-adjusted to their environment. 


Poverty, disease and ignorance. Poverty which freezes the sexual impulse and acts 
as a blight was fairly common among the lower strata of the Indian Chirstian, Sunni. Lom 
to some extent, among the lower races of the Pahari and Khattri The 
Kashmiri and the Bengali communities were free from it. 
Christian and Sunni families suffered from it. 


communities. 
` ' 675 ian 
Eleven per cent of 679 Indi: 


Diseases which are generally known as deficiency diseases, such as skin troubles 
rickets, tuberculosis were fairly common among these poorer folks. Gonorrhoea, sy phillis. 
neo-natal troubles are also noticeable among these classes. Poverty also led to pre-dispos 
tion to malaria and other diseases by sapping the vitality of the people and actually gu 


in the way of medical aid, proper hospitalization and suitable nursing. 


5 z 3 ж d n in 
Mortality rates. The mortality rates of the different communities are show n әк 
col. (10) of Table 1. The Kashmiris due to wealth and education have reduced their Тї 


à Zealand 
of mortalty to the lowest possible figure which is comparable to the rates of New Zealan 
and Sweden. 


я 1 5 А = а. на to the 
a new conception of family life. A new conception of family life has come 1 
people in these communities who have rece 


have come to think in terms of smaller families 
rates of the communities, 


i й и Parents 
ived eductaion on western lines. 


5 5 pirth- 
and this has acted adversely оп the 


т i $ 
The educated middle and upper classes in all the communities 
and almost the whole of the Kashmiri group, hav 


1 5 0 
ami А 1 e caught the new spirit and we see sigh 
it in the falling birth-rates of these people. 


эй Шш үй life. Society and public life make demands on the time 
energy of the people who get into them. Women especially find child-bearing to be а! n 
It is natural that contraceptive measures should come into vogue puer 
ben ies n as well as among those who want to avoid larger families. How widely 
contraceptive measures are used in the different communities is not — But there are 
reasons to believe that the practice is wide-spread where the ч Р k Я Tee 
deeply penetrated. BISECU BD ө 


and 


tacle to their career. 


5 s 
cation pa 
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COST OF LIVING INDICES AT CAWNPORE 
By SHITLA PRASAD SAKSENA 


Lucknow 


кыт ач paper gives the results of an investigation into cost of living for 
Роад каны Mus 1914 to 1938. Cost. of living index numbers have 
im ind дан У м ative charaeter and show the movement т the cost of living over à 
pared to а base period. 

ES boa gei - include all «шеа йб an index number but important 
fuu: cf pe ННВ weighted according to their importance. Out of a number of 
allotting weights the aggregate consumption and the family budget methods 
umption method is more suitable for indices calcula- 
ah afr Gone. ec mpare the нае 
g indices and wages, or 1n other words, to measure the purchasing power 

budget method is the best. 


üre mostly i 
stly т - Рр; 
À use. The aggregate cons 


ted for ; 8 
T for a region or a country as à whole but when the object is to co 
of s 
money for a particular class or community, the family 
itidex numbers of w ection of price inte at In Indis, general 
inquiry, Tt ү ә wholesale prices are published annually but this series 18 unsuitable for this 
: nay serve as a record of trade movement but it is of little value for measuring the 
1munity, because the figures are expressed as percent 
not been revised since 1889 ; 


А wor А 
word may be said here about the coll 


purchasi 
üges ae power of money for any com 
ges о м 5 À 
: ле prices for 85 5 - 
it includ prices for the year 1873 ; the list of commodities has 
aes : B 
are not important and excludes others and is un- 


many commoditi i 
Ф А 1odities whic 
Weighted. P = 


D H 
years, t. dinis i ca cho information as te tne predominant retail price, in various 
as available EE p - and sone of the articles of hae other than cereals and pulses as far 
prices Ware Гл ы 3 from the en Gazettes published every Las Other 
In the Sea. Borne v t Sis дзйаей value of exports and imports of India as published annually 
SP Gassmareis ene ees British India, and the Indian Trade Journal issued by the Tienes 
quoted in the Revie 85 b Сатоайа, Price variations in cloth were gathered from prices 
liable "serie: а Ww 5 the Trade of India and the Sea-Borne Trade of British India. Re- 
occupying the binis rent in the city were not available ; where the labourer had been 
: £ ouse for a period of twenty years. In many cases, а rise in rent was 
Figures for rent 


prece 
eded by : 

y an inerease in ¢ Я м x 

у an increase in accommodation or the comforts Ш the house. 
d by 


Were с 
‘ollecte ` ay 
the Bits ed from private bustees or hatas and the quarters in settlements provide 
8 Чез. 


Charges pai ғ А 
ges paid for various services do affect the budget and the living costs of the 


labour 8 
of аир im ie variations under these heads is not possible due to the absence 
Denses of the se items had to be ignored. In all; only about 73-3 per cent of the total ex- 
the labourers could be covered by this inquiry. . 
still difficult. It is not 
regarding the earnings 
r week or per month. 
loyees and to the 
the newly 


bossible ne Varum nie of me movements of industrial wages are 
өр the мк е hentie published information on any large scale 
hisis due " ^ our, the amount received by an industrial labourer ре 
absence of a the 000 ав changes in the personnel of factory ешр. 
any record maintained for publie information by the employers Or 
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organised trade unions. In these circumstances an inquiry into the incomes peri n lign 
through the labourers. "Though the average labourer doas not have the a ш y imp 
stand the system of wage payment, he can at any rate mention the imonni which he m ge 
as wages in а part:cular fortnight or month. Collection of data regarding wages thre E 
this source, no doubt, has its own limitations reports of various inquirics official and no 
official, serve as good correctives for the data collected first hand from these sources. 

Cost of living. A change in the cost of living may be due to (1) а change т tie 
purchasing power of money, (2) a change in the commodities consumed, and (3) to а em 
bination of the above two factors. A cost of living index deals with the variations caused ui 
the prices alone. In other words, it measures the change in the purchasing power of pct 
The parcicular commodities and the quantities of those commodities consumed were ane 

to be the same in the subsequent years as in the base period. A change in the commodit 
consumed may be due to a change in tastes and fashion, or it may be due to а ыш 
price level forthe commodity which makes the изе of the article prohibitive for the роо! 

classes. m 

At Cawnpore out of 729 family budgets collected by a process of random ie ne 
there were 80:2 per cent Mohammadans and 1:6 per cent Christians. But for minor п all 
ences, due to customs and habits, budgets of the workers in the same economic grade tà 
the communities were more or less of the same type and showed the same peculiarities. 
the same way, among the Hindus, differences in the diet of the workers belong? 
different sub-castes of the Hindus were at times noticeable ; but in the present enquiry: 

avoid minute classification and sub-classification, such differences were ignored. 


to 


КЕНЕТ 
е 4 $ : a inco! 
Disparity in the budgets of the workers was studied purely on the basis of 


ng 
grades, and an attempt was made to give due weight to the various economic grades — 
the industrial workers in the city. i 
ы , ; diet 
MIT 
was taken to be the basis for enquiry. Due to the absence of any published price det 
or articles like meat, fish, sweetmeats, milk, vegetables, fruits and the like, it was ne pet 
to caleulate the variations in the price indices of these commodities, and in this end! 
these articles were left out from the budget of the 


Mog: А а ИР | A "egetariat 
Most of the Hindu workers were living on vegetarian diet, and hence а vegeti 


labourer. а (©) 
7 28 REUS ; seg, al 
Food was sub-divided into three distinct heads (a) cereals, (b) paeem pee? 
articles of food other than cereals and pulses. As far as available, retail prices hay 
s available, 
collected because the workers rarely make wholesale purchases, In the case 0 
of food other than cereals and pulses such as Em m : i snis ec" 
5 Pulses such as butter, sugar, salt, linseed, oil, spices, 
prices for these commodities are not quoted in any reliable publication Morcovel, lices 
enquiry where the movement of prices for various articles is reckoned in terms of in 90 
; E > 1 д 2 odit 
retail or wholesale prices are not likely to make much difference provided that fora comm 
same prices, retail or wholesale, ar я я 
the І А ale, are taken for the whole period. . d 


ых ^ р eta! 
Weights of food articles. On the basis explained above the index numbers 014 
prices for different articles of food and their weights have been calculated for the yen? 
to 1938 in Table 1. ers. 
ч н E | are 
With a view to giving due importance to the variations in the incomes of the labo! and 


all workers have been classified into four grades of monthly income, namely; Rs. Jar 40! i 
below; between Rs. 15/-;and Rs. 30/-, between Вз. 30/- anil Rs iie pem between m" ir 
and Re. 50/-; separate weights are allotted to each grade of labour | і 


E 
ers оп the bast 
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actual mon S ; 
ө Кана thly expenditure, and then over-all weights are calculated according to the number 
Брокеры 4m 6i LL. : 
ers in each. The index numbers of the commodities 
tre respectively and the 


multiplie j i 
plied by the weights allotted to these commodities in each cen 
totalled and divided by 100, the sum of 


for various years are now 


products of the i 
ne s of the index numbers and weights are 
all weights shown in col. 12 in Table 1 


PRICES AND WEIGHTS OF FOOD-STUFFS 


TABLE 1. 


(1909-1913— 100) 


4˙2 1000 


weights 17- 25.2 
"Sd. ad тей 42:2 20 12-0 6.9 10.3 1-4 2-6 |14 
year 1108 * — — 7... | — 
ice wheat gram dal mustard ghee тазу refined sal | spices indi- 
—— кизи кин агһаг oil sugar sugar | | сез 
i (2) (3) (4 | oe = 5 а ЕТ 
i ў (5) (6) (7) (8) (9) по | 6 () 
914 P — — — 22 С [Ie — 
1915 My 163 166 107 120 96 93 100 | 105 123 
1916 128 146 172 99 115 122 107 180 103 132 
" = 125 147 98 114 | 13 147 540 118 123 
917 | 
1918 120 122 125 119 124 120 116 132 | 270 118 121 
1919 174 154 16 147 127 135 | 96 209 330 | 128 149 
| * 195 283 306 282 158 151 267 270 шә) 209 
920 ann | 
1921 180 176 291 167 | 197 192 217 310 131 | 199 
1922 197 203 263 154 166 227 287 319 | 118! 200 
67 197 | 197 | 166 168 178 215 200 133 | 187 
| 138 121 156 188 122 174 360 157 | 152 
| 138 92 156 | 186 127 161 300 | 181 | 152 
170 167 169 181 156 166 260 194| 171 
1 
170 184 | 171 162 181 250 | 182 | 177 
i 149 188 | 177 111 191 2 158 | 172 
151 188 | | 172 118 112 2: 158 | 169 
10 145 233 | 144 | 170 | 145 | 181 250 175 | 173 
1931 40 100 163 145 171 | 124 244 560 | 155 | 138 
98 73 96 108 | 233 89 166 250 109 | 11 
1932 | | | 
jos | 2 92 96 92 144 78 127 | opo | 108 | 109 
1934 98 89 104 | 4 127 55 164 150 94 101 
| 87 18 96 | 65 | 97 78 | 166 | 270 96 | 92 
1935 | | | 
5 | 100 за 1388 84 100 90 ye | 270 | 23 208 
107 100 156 
107 87 94 150 100 | 98 68 114 290 92 104 
н | 07 111 113 153 ss | 102 71 36 | 210 112 113 
938 Р 
1939 TH 84 108 159 82 | 101 85 29 270 111 101 
1940 | 106 89 140 | 159 82 | 104 139 20 270 112 112 
6 109 14e | 141 — == 30 „ EU “= | — 
| | аё ышы 


| | | 


cost of light 


Y amid. Тзв а th 

sene oil, cas i 

the index de ам oil, coke and firewood have been tak 

n а 1 
ers of prices and weiglits for these commodities. 


e indices for the 


en into account. 


f the labourers. The 


and fuel, prices of 
Table 2 shows 


quality, size 


Clothing. T . 

and as "e There are wide differences in the dresses о: 

sty of cloth change very frequently. It is therefore impossible to find out with accuracy 
Nor are the records of the price fluc- 


the move 5 > 

амар e pelos 388 number of prices of cloth. 

trend of p ы s cloth kept and maintained. T 

regular haie | we kem. varieties of cloth which 
ions are available have been taken into account. 


nu А 
mber for these varieties of cloth. 


use rent. Workers reside in bustees and labour quarters pr 


lords ; a 
‚ publie bodies and the employers. No regular rent record: 
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o get à rough idea 
are standardised and for 


Table 3 giv 


s are available for 


of the genere 
which 


es the index 


ovided by private land- 


the paid 
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in the bustees and the quarters provided by private landlords: | Workers themselves — 
exactly tell the changes in rent during the whole period of йаш due to frequent change А 
of their tenements. At times variations in house rent mentioned by the workers are * 
very reliable. In many cases, an increase in accommodation or other comforts in a houst 
brings about a rise in rent which, strictly speaking, cannot be treated as an enhancement. » 
is a compensation for additional comfort. Public bodies at Cawnpore have now devoted their 
attention to this problem and in some cases have even provided some labour quarters. But 
they serve no useful purpose for recording the movement in rent in this industrial centre. 
They are too recent and do not provide a basis for long-term comparison. They are also very 
limited in number and form a very small fraction of the total number of houses occupied РУ 
industriallabours. Only the mill settlements are thus left for comparison. House rent 
does not change from year to year. Compared to pre-war period, there was a rise in rent in 
1920-21 when the war conditions caused a general rise in all prices. The rent index stood 
at 200 in that year (1913-14—100). Since then rent recorded practically по change till 
1927-28. In 1927-28 there was again a rise, and these rates continue up to this day, the 
index standing at 381. There might have been minor changes now and then, but they do 
not vitiate the general trend. 


TABLE 2. PRICES AND WEIGHTS OF FUEL AND LIGHT AT CAWNPORE. (1909—1913 = 100) 


тт 
i 


] | | | | 
weights, 136 | 23 — | 184 | Weights) 13-6 2.3 — (7811 __ 
year kerosene | castor ^ coke fire- | annual] year erogene «castum | coke. | fra annual 
| oil , eil wood weights oil | oil wood jwolE 
21 о н ау! тю [о Ге а w | @ | 
1914 | 103 | 104 | вт | 100 | 1 | 1927 158 ign | 155 | 
1015 | 108 96 | ш 118 | 115 | 1928 135 | 165 | 138 
1916 125 109 | 105 | 94 100 | 1929 138 156 | 133 
| | | | | | 
1917 110 124 109 147 144 | 1930 138 147 134 
n | 122 | 28 120 136 142 1931 | 133 124 137 
9 282 332 | 142 | 159 | 193 115 111 138 
ШП 1 8 200 . 100 | 172 170 1933 | 95 103 130 
1921 8 j 336 200 | 195 | 1934 93 107 119 
1922 178 | 176 405 | 149 | 150 | 1935 | 93 113 91 
| | Р 
1923 163 196 249 151 155 3 i 4| 8 
1921 163 | 320 | 208 151 138 es | 3 11 130 9. 03 
1925 163 203 176 158 162 | 1938 93 e 118 | өт 98 
' | * | * | ч 
1926 © 168 | 160 204 131 184 1689 93 134 132 97 | 190 
d | | ns 
Miscellaneous expenditure. Ther I mi i тей 
P here are a number of miscellaneous expenses incurke 


by the labourers every month. Items included under this head are: barber, dhobi Sweeper, 
medicines, education, railway fares, tobacco, liquor, toddy, pan supari (betel nuts), amuse- 
ebt, repayment of debt, subscription ete. 


5 : anc 
cellaneous expenditure is on smoking an 


ments, festivals, remittances abroad, interest on d 

The most common and more or less permanent mis 

on the use of finely cut betel nuts for chewing. Tobacco leaf mixed with lime and betal nut 

chips is the commonest form of the use of tobacco, though indigenous mit pipe know? 
pes 5 


" ar 

к are less popular due to high costs. No regula 

records of the cost of other services and articles, which are casually used, are available 
А sea, d 


and they have been ignored in the present enquiry. Pansupari and tobacco are equally 
important and hence equal weights are allotted to them, The following are the index 


as huqqah and biris are also used. Cigarettes 
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n TON » . H d 
umbers for betel nut and tobacco leaf and weighted index number for the cost of miscella- 


neous items. 


(1909-13 —100) 


TABLE 3. INDEX NUMBER OF CLOTH АТ CAWNPORE 


_ 
year imports of cotton piece goods. exports of cotton price goods | 
` | ЖЕ Es ä average 
— grey | white coloured grey white | coloured 
U | ey | 5 (2-3) (51) (352) (3-3) m 
191. - — s 
1915 107 106 105 107 84 158 111 
1916 190 100 — 115 93 64 163 106 
1917 127 | 118 150 100 55 142 115 
167 14: 190 127 | 61 153 142 
240 | 196 
273 239 
: 307 282 
247 ie 4 | | 243 
| 9 
220 22. 109 | 218 
213 218 86 203 
297 224 95 204 
213 206 | 86 184 
| | | 80 205 178 
| 180 188 200 a 200 n 
107 165 170 о 195 162 
1929 13 171 | m 82 189 159 
: : | 
1930 | 95 184 145 
$ БЕ 5 167 5 84 
1957 107 | 115 | 11 EI 100 168 ту 
1933 100 | Ton 100 180 10 158 0 
so 106 | 100 167 i i 
1294 7 | у 59 107 
L 1: 112 | 85 160 38 106 
n 112 80 140 108 178 
87 iis | 95 320 109 d 
100 | 124 110 321 0 
nba 5 389 209 
80 | 112 100 220 107 | 174 121 
fe us | 90 47 M | 
Е a SPORE 09-13=100 
TABLE 4. MISCELLANEOUS EXPENDITURE AT CAWNPORE. (19 3 ) 
d | rear tobacco weighted 
= | betel nut | tobacco leaf | weighted year betel nut 1155 os 
пу | Index Nos. 
2 ) | | : | EL TN 
= = (2) (3) | (4) | (2) (3) (4) 
1915 180 143 | 162 168 211 190 
1916 181 110 146 142 171 157 
E 90 107 | 99 134 186 160 
| 
үт | 5 145 
3 89 132 133 | 158 5 
1225 97 185 | 128 de | 118 115 
: 111 Шу | 121 9 | 68 
192 52 
192] 123 M6 | as 74 49 99 
1955 113 162 138 66 56 69 
ET 119 188 154 | 61 16 
195 | зе 
1521 118 161 140 64 0 77 
1928 129 149 239 74 En 86 
d 154 180 167 86 
: 6 
1926 171 202 | 186 82 90 8 
1 „ 
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GENERAL COST OF LIVING INDEX 
Р * A weighted general cost of living index number is now caleulated by multiplying 
" these weighted indices for separate groups in each centre by weights for each group at that 
centre in the total expenditure in all groups and divided by the total number of weights for ‘ 


all groups. Table 5 shows the weighted general cost of living index numbers. 


TABLE b» COST OF LIVING INDEX AT CAWNPORE (1919-13— 100) 


BS 
Я year | index no. Fear index no. year index no. year | index no. 

— B ————À — ———À, dB. bison 
пет 007 (1) (2 a) ME S Aw 
— —— -— fpem 
<< role 31 1921 1928 | 165 1934 127 

1915 137 1922 1920 204 1935 135 
1916 129 1923 1930 169 | | m3 
Zee. 
Тел L* 1857 1924 19831 | 147 1937 150 
— 19185 159 1925 1932 143 1938 140 
1919 204 1926 1933 | 135 1939 14 
ы ibt 
135020 i 
* 2 Р E as mum 
* 1 C" LEA 
t itd Р : . i uel 
_ The following are the weights for each group of expenditure : Food 482, Fue 


Light 6:2 ; Clothing 76, Rent 9:0 and Miscellaneous 2-4. 
Š ч ` 


" ` 
> Ф * 


* е A р 
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THE CAWNPORE MILL-WORKER, HIS FAMILY AND 
HIS EXPENDITURE. 


By J. K. PANDE, м.а. 
Lucknow 


бо ME ки present study is based on a preliminary analysis of 300 out of 

А gets of mill-workers collected at Cawnpore during the winter of 1938-39 
au of Economic Intelligence, U. P. The 
are, therefore, provisional and 
t be revealed by an analysis 
dgets have been analysed, only 
12 per cent 


under я 
8 cad € and supervision of the Bure 
subject to aes а the conclusions drawn in this study 
oF ail iha PEE change in the light of facts which migh 

gets collected. Of the 300 workers whose bu 
ity while the rest came from villages, another 
About 20 per cent came from Partabgarh, 
5 per cent from Fatehpur and the rest 
in the east and Agra in the west. 
icts situated west of Cawnpore, these being Agra, 
inference from this strikingly heavy leaning ' 
he province would seem to be 


13 pet pn illages in. Cawnpore district itself. 
homedics ci Pu Bareli; 8 per cent from шшш 
Only 6 per td in UL B. as far away as Gorakhpur 
e were drawn from distr 
‚ Farrukhabad and Hardoi. А possible 
the eastern districts of tl 
rn parts of the Province. 
posed, perhaps with some justification, 
riculturist and came down to Cawnpore 
h a view to keeping himself more gainfully employed than 
The data under examination throw an interesting light on 
mill-worker began learning to settle at Cawnpore 
ent have been in regular employment at 
the time of their migration to Cawn- 
worker during these 10 years comes to an 
personal reasons, like the death 
f recall to the village, and 0:5 


of the Caw 
that tl awnpore mill-worker towards 
= зеге is ; " . 
Is a greater pressure on land in the easte 

Till a few 
Та few years back it was commonly sup 


that the € 1 
аѕ principally an ag 


in th Jawnpore mill-worker w: 
e A H 
would а tege season wit 
d. he anette £ 
the а possible in his village. 
subject. ; 
ject, and reveal that the Cawnpore 


about 10 year: 
( О years back. Of the 300 families, 
10 years since 


92 per ¢ 


‘aw a 
N ац ipic period of about 
average of ae of breaks in employment pet 
ut. ail 5, of which about 1:0 were due to involuntary | 
member of the family at home necessitating a brie 


were d 

ue to reas , : 
to reasons beyond the mill-worker 1. like unemployment. 

e cause of his migration to Cawnpore ; but the 


in the light of the proverbial incapacity of the 
e ultimate cause. In about 37 per cent of 
ased pressure on holdings resulting in sur- 
mbition or adventure. ]n about 15 per 


bsistence and in about 8 per cent to 


s contro 


" 
The worker 

results gi e worker was also asked about th 

U.P 1 en below have to be understood 
-P. villager "NIME. 

the © " r to distinguish the immediate from th 
she cause : B 

Xia tabo Reuse of migration was given as incre 

ur and in about 30 per cent cases economic ат 


cent 
cases t : : 
Puit > — cause was assigned to poverty or lack of su 
ent fr : à i í 
rom holdings. In the remaining cases the causes were indebtedness, economic 
hy feature of these returns 


A note-wort 


t. the cause of migration given 


calamiti > 

is — 755 oe Gppxessions or family quarrels. 

by the td Sn majority Qu cases, to be exact in 96 per cen 
er was economic. 

re mill-worker works out to 33 

$ the time of migrating 

does not like 


but forced 


f the Cawnpo 
pore, gives his age а 
that the average mill-worker 
to his agricultural occupation. 


' z 
а" The mill-worker’s age. The average age o 
years, whi и К dies pw Ser 
Bon А 8 hich read with his 10 years’ stay at Cawn: 
nis vi as P 
illage as 23. This perhaps may mean 


tos 
Start hi Р 
his career as а mill-worker in preference 
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either Dy p T : aps urg у econ а хо rare 
ther b overty or by under-employment or perhap urged by economic ambition 

H i later has t down t А " 

ma villager, he later has to come down to Caw npore. 


Family size and composition. The average number of persons per — x = 
worker comes to 5-13 of which 1 -78 are under 15 years and 0 77 over 50 years, 2.5: : ы ы 
between the ages of 15 and 50. The largest number of persons per family comes to ы E 
families earning over Rs. 60 p.m. and the lowest to 4-1 in families earning less than Rs. 10. 


i wel n ains 276 
The number varies directly with the amount of income. An average family contains 
males and 2-36 females. 
5 i i 2 ave workers -9 de- 
Earners and dependants. Of the 5-1 persons in a family 1-2 are workers, 1 


pendants living with the worker and 2-0 dependants of the worker living away from him at 
the village home. 


Natural families and joint households. Of the 300 families under examination. 
95 were natural families consisting of a marrried couple, their children and step-children, 
while 205 were joint Households. The average number of persons in a natural family came 
to about 4 and in a joint household to about 5 6, the number of workers being about the i 
in both, which indicates, that ceteris paribus, the joint households were economically je 
than the natural families. 16 is, however, interesting to note that the number of Е 
dependants was also about equal in the two types of families, so that the larger size of ET 
joint household was almost entirely due to a greater number of non-resident dependants 
А further interesting inference drawn from this fact would seem to be that a worker м 
by social circumstances or otherwise, happens to be charged with the responsibility for ? 
joint household, brings to live with him in the we 
with the minimum number of his dependants, leaving the others behind in the village to nl 
on his remittances and other local earnings, if any. How far the reasons for this are social 
and how far economie it is not possible to state definitely at this stage. 


Even more interesting from the social point of v 
emerge from a study of the relation which the depend 
bear to him. In 185 joint households, the total number of resident dependants came to 360. 
consisting of 125 males and 235 females. Aoungst the males and 
amongst the females, 163 or about 70 perce 
number of non-resident dependants in the 


А ЕЕ: sether 
city only those who are ‘workers’ tog 


to 


g of е а shold 
ants of the worker in a joint houst h 


iew = : oen 
lew are the conclusions which seen 


› 74 or about 60 per cent rhe 
‘natural members of the family. 

+1: i 
same families was 444 " 


nt were 
consisting of 196 mi ә 
53 or about 78 per cent m ibout 62 
al' members of the family. 
paragraph) strongly point +0 the inference that Pe 


à responsibility of maintaining а joint household ordine 
rily tries to bring to live with him in the city only his wife anq children, and, if addition? 
members of the family have to be brought, those who are ‘worke | я while 


the rest are left behind in the village to live on his remittance anc 


and 248 females ; and amongst these, ] 


^ ales and 154 or ¢ 
per cent females were other than ‘natur 


ad 


M vag (Те! 
à ; These percentages ( 
with the conclusions of the preceding 


average mill-worker charged with the 


18’ receive preference; A 
zung. if any 

1 other local earnings. if? 

Literacy. Literacy amongst all the pe 


—( 29 s 
sons in the families of the 300 workers come 
10 8. 3 per cent. The literacy among 


males comes to 13-8 per ce 
] - per cent. The literacy amongst workers is 20 `1 per cent, a 
6.0 per cent and amongst non-resident dependants 3.9 Рег cent. All these figures are à 
accordance with the ideas about literacy commonly held. Tt is, however, interesting to find 
that the highest literacy is noticeable between the SHOE amd 


20 years. 


ag to 
nt and amongst females 


" ant? 
mongst resident dependa 
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CAWNPORE MILL-WORKERS’ FAMILY AND EXPENDITURE 


Mill-workers ex - г x 

асна ка kers expe nditure. The following table shows the weights and average month- 

OPEN + per family of a mill-worker at Cawnpore consisting of 3-1 persons including 
5 ales, 0-8 a female = = = si 

15 years. adult female, 0 -6 male child under 15 years and 0-5 female child under 


ND WEIGHTS OF DIFFERENT ITEMS 


M 
| \ 
items expendi- mm expendi- | percentage 
і ture expenditure; items ture | expenditure 
A food Р 
——— SA uuo: * Р. Rs. AS. P | food all items 
(1) "um ECCE MERO == i 
XL | oO (3) a) у | 0 w 
leat E сей xum 
| 3 0101 2897 Spices бё Sp 34 = 
Rice 
IL 1 1 2 2 10-4 Sweets | 0 411 2-8 =— 
АП cereals p= т Ж „ | 
A — | 5 3 5| 48:0 Fruits $ Б b = 
al Arhar | 4 in pe 
— — | 0 10 5 6-0 Miscellaneous | 
All Pulses | E Ta — E food 0 Bod 1:9. d — 
о — Food Total 1014 0 1000 43-0 
1 015 2 8-1 
Oil Clothing 2 0 Я — 1 
0 9 s| 56 
Milk Fuel 1 210 — 4.6 
| | ом 3] 6.5 Р 
Sugar | "T | Light 0 0 4 — 1:5 
| E 1.8 
Gur | | Rent 111 9 — 6 7 
| o 2 oY 4 А | 
Meat | | Household 
А 09 0| 5-3 requisites 011 3 x | 27 
?^otat 
‘a „о 5 6 3-2 Miscellaneous | $15 8 — 34-7 
Other v 
ель. ner vegetables 0 5 2 3-0 АП Items 25 14 0 — 100-0 
Since ‹ t will be noticed from Table 1 that expenditure on ‘miscellaneous 18 very high. 
^ Crow) d " V NS 
growing expenditure on this head is usually associated with à rising standard of living, 


it is песе | ^ А Sw 
atively high expenditure on this item. 


ssary se s . 
Of the а y to analyse the reasons for the compat 


Spent ЕЕ = Ra. 8115] 8 spent under this head, Rs. 4/8/2 or more than 50 p cent are 
on litigation à "mi interest and debt repayment, and further Rs. 0/9/2 or 6 2 рет cent 
mill-worker in 3 лезе four items by no means indicate the prosperity or the valbeing of the 

1e way expenditure on miscellaneous is usually taken to indicate. If ex- 


pendi 
iture 
о р Е s : 
n these items is taken out and also the expenditure on food items like tobacco, 
us), the expendi- 


pan 
Supari : А 4 
ture on ‹ = intoxicants (which also have been placed under miscellaneo 
miscellan ^wi E р F 1 
of the total : neous’ would come down from Rs. 8 15/8 to Rs. 3/4/6 or only 12.7 per cent 
al family expenditure. 
s of 


An interesting insight into the mill-worker's budget is given by an analysi 
. 25/14]. ; : awnpore mill-worker spends in à month 
Per Shitty = earns in a month Rs. 24/1/5, thus suffering а monthly deficit of Вз. 1/12/7 
ctually T | 2 een of the character of t gung dd y 
eing Rs nly 205 families out of 300 under examin: the deficit 
s. 3/10/8 per month on an average ; the other 


Surplus 
of Rs. 2/4/4. Of the 300 families, as many as 179 had to sen 
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ation had 
95 families had an average 


d out money to depende 
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ivi мау at the village home, the average remittance per family so sending ше e 
ге м a M J If this remittance is left out of account, the number of families à — 
ped aud T reduced from 295 to 137, and of those having a surplus PEEN ee 
to 163. Remittances are thus responsible for turning 68 surplus budgets into de a uem 
If remittances be excluded, the average expenditure per family comes драб we E in | » ^ 
that an average family would have a surplus of Re. 0,12 instead of a deficit of Rs. l 


Il. kE 

Interest and debt repayment have a similar bearing on the balancing of pnts - 

budget. The combined expenditure on these two items comes to Rs. 2.0.6 p.m. P 118 rise 

If these items are also left out of account, the number of families having a adu K of the 

to 209 and the saving per family having a surplus to Rs. 6/1/10 pm. In other M e condi 

205 families showing a deficit, 114 families suffer a deficit merely on account of their z : three 

ture on the three items of remittance, interest and debt repayments, and but for 20 Pn 
items, the 300 families under examination would show an average saving of Rs. 2 12 7 1 

of an average deficit of Rs, 1/12/7 p.m. 


г ‚ Jess 
1813 Р Эр. ЗИ E aratively 
Statistics about indebtedness of the mill-worker's family are compar 
rustworthy than others for obvious reasons. 


iy that 
: > ‚ inquiry 
It was found in the course of the inq 
the worker, while he remembered fairly 


now 
А itor, did not К 
well the amount he paid to his creditor, di 


1 

рш; I 

м А . ‚ principa 

m many cases how much of it was interest and how much repayment of the pr terest was 
visit ; , ‚ as intere: 

such cases, of the total amount paid by the worker such portion as was due as 1 dited t° 

considered under the head "interest" and the remaining 


amount, if any, was er 
"repayment of debt’. 
Of the 300 families, 83 -7 per cent were found to be 


Rs. 136-6 per indebted family. "The most important c 
hartals, payment of rent 


debt bein 


H rere ud 
indebted, the average arriage 
: 


" а OTR їй 
auses of indebtedness wer 


ts. 
д е budge 
and revenue at the Village home and deficit in monthly tion, 
Other causes ineluded expenditure for ag 


i >, litis 
ricultural purposes at the village home; 


illness, unemployment, births, funerals and pilgrimage, 


Paper received : 13 April, 1942. 
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ed over by the Hindu Goddess of Plenty, 


AGRICULTURAL CC-OPERATON IN BENGAL AND REST OF 


BRITISH INDIA (1918-19 to 1938-39) 


By TARINIPROSAD GHOSE AND HARISCHANDRA SINHA 


Statistical Laboratory, Calcutta. 


INTRODUCTORY 

ive movement long before it had taken actual 

Charan Т p ind, — Sj ik: 

nan Mil unt аа С А à ome to mind,—those of 8). Ambika 

Shankar Chaudhuri. It is true that the societies started by the former were 
erceived in them the rudiments of co- 


term, but there ean be p 
ted by the latter were at first called Lakshmi Golas, i.e., granaries 
but the name was subsequently changed to Dharma Golas, 
susceptibilities of non-Hindus. The plan put forward 
bumper harvest and store it up for distribution in a lean 
other villagers who were, however, to pay & somewhat 
16 is pleasing to recall that the first: grain bank started 
he district of Dinajpur аз early as in 1892 continued its 
1914, after which it was registered in the usual waye 
n the proper sense of the term, the earliest 
bhum) on July 12, 1902. 


а study was made about the progress and develop- 
have been quite à number of such periodical 
e Societies of the different provinces of 


but these were mainly concerned with administrative prob- 
о studies, e.g Maclagan Committee on Co-operation in 
sement in Bengal. But it is felt by the authors 
the authors desire to compare the 
lies with regard to the 
which form 
gth 


To Beng . 
engal belongs the eredit of initiating the co-operat 


hape i 
in the res ч a ed 
est of India. ‘The names of two Bengalee pioneers с 


not co-operative i 
perative in the strict sense of the 


operativ u^ 
ve prine "а " 
principles. The grain banks star 


Lo., religious z 
РР Готини іп ordi not to wound the 
year not only — uro колбоп of grain after а 
herme E mong contributors but also among 
by Rai жые ern on the amounts borrowed. 
i Shankar Chaudhuri at Joyganj in t 
ty till December, 
o- operative soci 
(P.O. Labpu 


useful care 
üreer аз an unregistered socie 
ot ies ir 


Even if w 
dh: Sn — this out anch consider only e | орг i 
as started at the village Kushmore r in the district of Bir 
then and it is time 
It is true that there 


eqistrars of Co-operativ 


About forty 
ment. ma ym have elapsed since 
reviews at iig rn movement. 
British meas series of Conferences of R 
lems. Ther and of some of the Indian States. 

ere have been also deeper and more 


Indi 1 
а (1015) and Prof. J. P. Niyogi’s The Со-орета 
istical lines. 


incisiv 
tive Mov 
In particular, 
not only on broad 
ultural societies, 
bscurities hiding the тет 
Tt is hoped, however, 
s non- 


that t] Ё 
леге is se Е 

standard v is scope for а fresh study on stat 

reached in Bengal with that in the rest of British India, 


movem 8 

et 1 1 РА 
it in general, but also in somewhat greater detail in the case of agric 

light may be thrown on the o 


ed with the rest of British India. 
d to other components of the system such а 


tho! 
ekb k 
and weal one of tho system, in order that some 
akness “=, nr qu 
s of such societies in Bengal as сораг 


to under = 

dicis iege studies in future with regar 
-operative societies, central banks ete. 

OMITTED 

have been omitted throughout, ar 

fferent times and secondly because different standards 

during the year 1938-39, the number of societies per 

yderabad. although the number of societies 
variations are observed also 

h record very high per 
721 societies 


INDIAN STATES 
nd that for two reasons. 


2 Р 
Firstly ена а noticed that Indian States 
Hen EE c States began to report at dil 
1,00,000 inhabit: i different States. For instance, 
Was nearly the € Bis 208 I in Gwalior and only 22.3 in H. 
in some of the ae ac K — aut 3.010 respectively. 1% is true that wide 
captta figures for number ks Bribie India such as Coorg and Ajmer Merwar whic! 
out of a total of 1,04,307 so ogiehes, but the former had only 300 societies and the later only 

,307 societies for the whole of British India during 1938-39. 

FACTORY STANDARD 1 
tes and consider only 


n. In the first place, tl 
ss than 10 million 
tin 


British India. we 


DOES CIS 
OES BRITISH INDIA AFFORD А SATIS 
here are wide 


3. We must confess that even if we leave out Indian Sta 
r the purpose of compariso: 
the major prov. 
tements Relating to the Ct 


do 
not have a fully satisfactory standard fo; 
inces with not le 


diffe: 
rences in t| i 
the progress of co-operation even M Y 
o. operative Move men 


ро i р 
үе, as compiled in Table 1 from Statistical Sta 
ia. during the ycar 1938-39. | 
4. К 
‘giving tk Tn the second place, all provinces are not equally productive, as will appear 
the money value of principal crops in 1933-34, compiled from the Review of the 
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from Table 1 col. 5 
Trade of India in 
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5 is di ity is not, however, due to varying population in the different provinces, а fact 
cid COMES Qut Me of ilie Table, compiled from the Statistical Statements Relating to the 
а Movement in India during the year 1933-34. | 

TABLE l. PROGRESS OF CO-OPERATION AND VALUE OF CROPS AND 
POPULATION IN DIFFERENT PROVINCES 


— KC БИНЕ 
1938-39 | 33-34 _ 
; members of working 
province societies primary capital рег value of | 
рег 1,00,000 ^ societies | head of principal | population 
inhabitants | per 1,000 population crops (RS. (Millions) 
| inhabitants | (Rs.) Lakhs) 
(1) (2) (3) (4) (5) | (6) 
Madras 27-6 20-9 4% 
Bombay 25-9 30-0 | 8.2 
Bengal 51-8 17-7 3-8 
Behar | 20-7 5-1 | 1-3 
Ш.Р, | 21-1 10-2 0.6 
Punjab 92.6 | 351 6-5 
C.P. & Berar 28-5 5:6 32 | 3033 


* Figures for Bihar & Orissa. 


5. Thus it is clear that even British India does not afford a satisfactory standard, Ап alternative 


H n ъ, * " 35:5 atter 
procedure is to compare Bengal with other provinces in succession and to see to what extent she is in a bett 
or in a worse position, 


But this would be ruled out, because the results would be vitiated by the difference 
in the economic levels 


of the respective provinces. We have therefore thought it advisable to comparo 
Bengal with the rest of British India as а whole, composed as it is of produetive as well as unproductive 


provinces, It must be remembered, however, that as a result of such comparison Bengal would tend to 
appear in too favourable a light, for the БИБ 


nomically backward areas. This fact should always be borne in mind in interpreting the results of - 
present statistical analysis. In some cases, 


: ‚ than 
Bengal, viz., B. the corresponding figures for the two Presidencies other tha 
е! VIZ. i i s ; 
hei eid 127 5 M Madras have been added in order to facilitate mutual comparison. И will be 
үе have not considered th. ab, be i i р” 
| ecause shi 5, co-operatively the most 1 
DUE я she is, on all hands, co-operatively th 


й > Р „ large eco" 
dia standard must necessarily be dragged down by large 


e Punj 


: SOURCES OF DATA 
6. The data are all computed fr 


Co-operative Movement 4n. India, те 
in India since 1927-28, 
Maclagan Committee on C 


om the official publication Statements showing progress © 
“styled Statistical 


н m r 
The statistics were 1 Relating to the Co-operative Mov 
0-operation in 1915, 

years for which the figures are not on the sa 
of Central and Provincial Banks, 


f the 


ic . - tho 
ly modified following the recommendation of ih 

jous 
1t has therefore been thought advisable to omit the previo" 


me basis as subsequently, 


Banking Unions x 
and Guaranteei i ^ 
of figures, they have been omitted since 1917-18 in order to ах E н ie 
* void d е 
these have already figured once аз members of an agrieultural or n aie 
on- agr. 


considered from 1918-19 onw; 


A ас nbers 
Again, although individual mc mb 
total 


that 


For 


being included in the 
counting, for it is assumed 
these and other reasons, the data have been 


icultural primary society: 
for which the figures are available at present, 


зат 


еа ards till 1938-39, tho latest УЧ à 
т Я ? etfect from April 1, 1937 separate 
2 mu PE 1937, Bur s been sep? 
from British India and in order to maintain continuity, Burma figures } urma iran been ik 
Thus the figures for Br. India from 1918-19 to 1 erik и tes E 


936-37 quoted in the present, itish In 
gree with the corresponding fj | 
reement from 1937-38 onward. 


proper excluding Burma, and will not therefore a 


Statistical Statements, although there will be agi ааыа 


s. 
ANOMALIES IN DATA 

7. Inspite of these expedients, all anomalies in the data could а rt with. 
different provinces make up their annual reports on co-operation on diffe enr Mimi, d uit ; 
Ajmer-Merwar, Bengal, Bombay, Central Provinces and Berar, Сооу, МЫ. eh ** Y vinces 
30th June: Hyderabad Administered Area, 7th July : Delhi, Жы, : aon ON = ie ;ince * 
31st July: Bihar: 3186 December, > orth West. Frontier Proy 

8. It is however clear that the majority of the 
of view of number of societies, or of membership, 


rovine 2 
p aces, whether numerically, p 


or of total Working capital make up 
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or from tt on 
their reports 8% 


AGRICULTURAL CO-OPERATION 


30th June жа 

closing x pna qe AIME ural year of India ends and which has therefore b»en taken as the 

ave bassi бй iion aen * It is hoped, икен that this will not affect tbe final results, which 

5 ) mparisons and not on individual annual figures. 

-38 particulars relating to land mortgage banks have been shown 
luded as before in the General Statements А, 

пах they cannot be incorpora- 

to 1937-38. 


9. See А E 

eparatel Secondly, with effect from 19 
rately in s ИР 

' а new subsidiary Statement B-1, and not ine 


B and C 
( Unf 
. ort qs А М + 
unately, the figures for Bengal are published in such a form tl 
intain continuity with the period prior 


ted int i 
о the General Statements А, B and C, so as to mai 
ties, Bengal, the desired information could not be 
We were therefore reluctantly com- 
r 1937-38 and 1938-39. 


number of societies, 


Even on refi 
Du m to vus Кешн ra of Co-operative Socie! 
pelled to omit cep i 6 making up the table had been changed. 
But to mulntein кча 8 i 10 working capital of agricultural co-operative societies fo! 
tlie number of ONES pU we found it necessary to add the figures relating to the 
to those for agricult 85 pnr the total working capital for 1937-38 and 1938-39 for Land Mortgage Banks 
1931.3 ural societies. There are two misprints in the Statistical Statements for 1926-27 and 
“Other Funds” have been shown separately since 1934-35 


in the Statisti 
Statistical Statesme 
atesments. But in order to maintain continuity, they have been included in the “Reserve 


whie E 
hich have been corrected by us. 


Ping" 
und" throughout. 


CORRECTED DATA 


from are given in 


the Statistical Statements 
f the tables, the 


In the last column of each o 
June each year has been 


Table de e 2 adjusted figures as compiled 
average of the -— z able 3 for the rest of British India. 

added. It will be s aly index number of wholesale prices in Cal 
level, on accou: o seen that during the period under review there was consi 
nt of the post-war boom of 1919- crash thereafter. 


and the sul 20 and the 
subs Р 
psequent recovery and finally the boom at the out break of the present war. 
therefore to be interpreted in the light o 


cutta from July to 
iderable fluctuation in the price 
the Great Depression of 1929-30 
The figures for 
f this variation 


workin: i 
E capit - t 
pital and of their main constituents have 


in the pri 
price ley 5 В h 
ol, for which the index numbers have been inserted. 


NAL. FEATURES 
Itural societies ог 
ed, temporary decli 


societies. Thus on 


for non-agricultural societies, 
nes will be 


GE 
ther for agricu 
properly serutinis 
of non-agricultural 
societies in Bengal began 


I. 


" THe figuri 
indicate al E figures quoted above. whe 
most uninterrupted progress: 


But if they are 
reference to colur 5 ough not in the case ex 
to decline fro 17 (2) of Table 2. it will be seen that the number of agricultural | | 
the rest of B i 19 ted as late as in 1936-37. If the corresponding series for 
Brit 2) of Table 3, are looked into, it will be found that there 

with effect from 1934-35. With regard to the number 

32 to 1937 


d from 1931- 
)in Tables 2 and 3 each. 


noticed i 
mn ~, * 
the сазе of agricultural societies. alth 


С 


, whieh was arres 


Was а set-back н on as quoted in column ( 
9f members al 5 followed by а recovery 
to 1933.34 in vii. ages S societies the decline laste 

ле rest of British India, аз will appear from column (4 


.38 in Bengal and from 1931-32 


ORKING CAPITAL 


pDEFLATED W 
found in the case о 


аге not 
o is made 


f working capital either for 
the price level, by dividing 
nt by 100 80 
On reference 


ә 9 

Bea — temporary set-backs, however: à 
the value bane a of British India. But if allowance for variation in 
as to get the dine xa year by the corresponding index number, and multiplying the quotie 
to columns (2). a d e 5 N the following results аге obtained as given in Table 4. 
9nwards both in Ben ud ins — be seen that there were temporary вбрана апа revivals from 1935-5 
recorded for 1938-39 ы кү, outside in the caso of agricultural societies. The considerable increase 
banks, The 1 Е dg (column 7, last line) is accounted for by the inclusion of land mortgage 
Rs. 412 lakhs i king capital of Madras Land Mortgage Banks rose from Rs. 156 lakhs in 1937-38 to 

khs in 1938-39. Ifallowance is made for variation in the priee level, the increase was from nearly 


Rs. 16 
$. 161 lakl Wu К 
shs to Rs. 425 lakhs. In the case of non-agricultural societies, however. there is un-interrup- 


bay for 1935-36. But the rates of increase are not 


ted pr 
progress throughout with the exception of Bom 


identical, 
milar to those for 


13. " ит 
From the above it is clear that although the figures for Bengal are broadly si 
ге study оп statistical lines 
зе elsewhere. 


the re; 
St o; 117 » 
f British India. there are certain points of difference. А more intensiv 
liffer from tho: 


is therefi 
or r 1 ЖЕ; 
It is a xd pa for in order to scrutinise to what extent the figures for Bengal c 
istical commonplace to say that the respective rates of progress may be conveni 
e of co-operati 


the h 
el — 
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TABLE 4. DEFLATED VALUE OF WORKING CAPITAL (in lakhs of rupecs) 
ABLE 4. IFLA А 


i | а zricultural society non-agricultural 
agricultural society | mW | е cete | 
Year ы ТТ 1 
rest. of | rest. of н - к em 
Bengal Br. India | Bengal | Вг. ША! Bombay Н Машаа Bombay | Mac m. 
(1) (2) (3) (4) | (5) (6) (7) (8) = 
33:40 
1918—19 | 49-65 291-36 | mam 
—20 51-21 319.12 | 1 
68-23 428-10 
77-10 512-35 


90-60 594 -74 
110-91 680 -84 
132-61 815-36 
173 -53 1045 -67 
231-74 1300 -51 
277-72 1433 -61 
328-78 | 1603-19 
418-54 | 1877-62 
544-88 | 2478.07 
615-48 | 2601-04 360 -43 
672.76 | 2690.63 428-13 
666 -68 2622.90 477.94 


684-40 | 2630-18 | 
676-06 — 2621-40 | 


‚ 644 -20 2499 -05 

$16 «44 2623 +74 

646.37 2769.62 | 622.61 
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quoted in Tables 2 and 3, а Gompertz 
growth. As Mr. В. B. Prescotts 

period of experimentation, a subsec 
rate of growth is successively 
no further growth, 


or Logistic curve immediately suggests itself for studying the law t 
points out, such a curve is quite appropriate when there are an ша" 
]uent period of growth into social fabric, а third stage during which nns 
accelerated, becomes stationary and re ide 
—in other words, 
in population, income ete. 
clude that they are in the 
and not reaching the final 


below, which gives 


tarded, and final stage when ther Ve" 
quilibrium, provided of course further expansio! 
So far as our present data are diee 
second and third stages, outgrow үче 
equilibrium period on the other, 
details about the Progress of co-opera 


a period of economic ec 
is stopped. concerned, we may tentative 
ing the early experimental years on the on® e 
How far this is true will appear from the 1 able : 


Е = | ^ à > first 
tion in relation to population during the 


TABLE 5. 


PROGRESS OF CO-OPERATION IN RELATION TO POPU 


wesi o vr 1938—1939. 
no. of | amount deflated | deflated 
no, of members | of worki 1 et no. of | amount ao Ò 
arca E. of cated pc eed 125 oho] members | of working v e acing 
| 9E primary pital working Societies of primar тария wor or 
рег1.00,000 societies | Per head capital рег рег адасу Ри ead capital P. 
PEU pan, 1 000 | oF head of 1,00.000 Pim 1800 per k head tion 
Inhabitants) population lation ; А |. 2 2 Е а 
| Щщ Квз.) | mc» inhabitants inhabitants population pop 8.) 
E 3 | (Rs.) 
(1) G 63) (4) (5) (8) 
А | | cS ucc 1 
Br. India \ 2 
Ex-Bengal | 13 2 | 4 9 | 0.7 0-4 | жый 
Bengal | 9 5 3.8 0-5 0-2 | 3-1 
Bombay n 9 | 9 Y i Ы 0-6 | 8 P. | 
Madras | ы. 04 | 4-6 | 
i — _ — 


and the last years of the period under investigation, in Bengal and 
and (6), it will be seen that the number of Societies per 1,00,000 inh 
to 32-9 in 1938-39 in British India exclusive of Bengal. 
per 1,000 inhabitants has increased from 4.9 to 16 
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The number of al 
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umber of societies has risen 
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ies is not, however, identical. In Bengal in particular the n! 
reat distance from final 
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ы серу than slsew 
elsewhere. In any case, it is quite clear that we are yet at a gi 


“saturatior ae 
] 3 gs : 
point", either in Bengal or elsewhere although rogm i 
s gh some progress has undoubtedly been achieved. 


TRENDS FOR BENGAL AND REST OF BRITISH INDIA 
may be regarded 


эт the period under review 
es, for number 


14. M. 
. TS MTS А 
еам v come to the conclusion that the trends fc 
lately linear, provi 
у linear, provided we treat all data logarithmically, for number of societi 


of ше 
mbers * 
5. and for worki Е 
rking c i 5.088 ; Я ын х 
g capital, both in the case of agricultural and non-agricultural societies, as given 


In columns (2 nis 

ted values n to (7) in Table 2 for Bengal and in Table 3 for the rest of British India, all the required defla- 
The results obtained are given in Table 6, 

ing the time measured in years 

number of agricultural 


figure for the rest of British India is 


ot significant in ihe sense that such 
er this is so or not we apply Fisher's 
ng capital of 


working capi > . mE 

Y, being the " ng capital being given in Table 4. 
> smoothed value of n 
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fro 
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Жу" dle of the seri i 

societies the series viz.. 1928-29. Thus the annual rate of growth of the 


in Beng 
zul works 
gal works out at 0-039 whereas the corresponding 


found 
to be 0-02 
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- It may be argued that this observed difference is n 


Variatior 
п may easily ari 
t-test, the emi — from sampling fluctuations. To test wheth 
s be AMEN - 3 
NON-agricultural ung given in Table 7. It will be noted that barring the cases of worki 
societies. 7 Y 
eties, both ordinary and deflated, all the other rates of growth are found to be signifi- 
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ly higher in Bengal 


TABLE 6 
LE 6. Rares ОЕ PROGRESS OF CO-OPERATION IN BENGAL AND THE 


1918-19 to 1938 39) 


)F BRITISH INDIA ( 


RI 
value 


of t 


no 
t ly Е Sends: Tér | Bengal _ ei 
Jo of agric — ee 
2 Jo of nen cultural Societies | Log у=4 1287951 log y=4 654871 +0 020315 ! 4 42* 
| y= 3 089000 log ! 79032 0.037419 3-00" 
4 | 


*. non-agric 
No of Ericultural Societies. Log y=?" 


members of 
Mi в of agricultural | 
| 215390 4-0 022632 t! 2 '1- 


34765270 :031870 f log y=8 


Ё No of members ge mI Log y=5 547052 
5 Total working tural Societies. | Log y=5:177748+0 045870 t log y=5 733978 +0 “036580 t 2-71* 
6 "'otal song mid Societies, Log 54-0-044553 £ jlog Р disnei Cok. 
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growth for x 
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RS PER SOCIETY 
ce with the increase in the number 


What is the position in Bengal compared with tho rest 
und in Table 7. Column (2) giving the number 
dividing column (4) by column (2) of Table 2. 
ties is similarly obtained on dividing 
y caleulated from the corresponding 
Bengal the number of members per 

societies, whereas in the rest 


as decreased but the с 
Пег societies 


NUMBER OF MEM BE 


15, 
in membership kept ра 


ties, rire c now is, has the increase 
ish India ? 8 and non-agricultural? 
mbers*per ЕСА ie these questions are to be fo 
an (3) giving 15 ural society in Bengal is obtained on 
Column (5) Tes н g the corresponding figure for non-agricultural soicie' 
figures fac 2 mx (3) of Table 3. Columns (4) REG (5) are similarl 
Society has 2s * of British India in Table 3. 16 will be seen chat in 
Of British T 5 e down both in the case of agricultural and non-agricultural 

i ronding зке only the riumber’of members per non-agricultural society hi 
ie Which the 5 societies has steadily gone up. Low membership mee 

Нота Ta T ae must necessarily be higher. There is therefore а possibil А 

4 us SR British India ‹ ues у has been saerificed for quantity in the ease of Bengal as compared with the 
| Satisfactory as > ut in the case of non-agricultural societies the position in Bengal seems to be nou 
У as compared with the rest of British India. In order to judge the extent of the disparity 

| hich the figure for 


of me, 


Соц 
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ns sma 
lity that in the case 
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pressed as a percentage of the corresponding figure for the rest of British India. Thus if the- 
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" "es ritish India. 
in (6) d (7) are below 100. Bengal’s position is worse than that of the rest of Britis! 
figures i lumns (6) an Bengal) i 
whi die не figure is above 100, Bengal's position is better to that extent. 
^ f view of membership, the condition of agricultural societies has ste 
point o: 


Column (6) shows that from the 
adily deteriorated as Dus 
3 А 

Е f British India but with regard to non-agricultural societies the position is not so - br 
with the rest of Br f column (7), although the relatively favourable position of 1923-24 has all but | * 
appear from a study 9 КЕ ngal 11 55 that of Bombay and Madras is shown in columns (2), (3) and de 
away. The Lir P 8 02 (8) and (10), it will be seen that agricultural societies have much f н. 
(11). Qu & study 55 in Bombay or Madras. The same conclusion is also apparent in the case of a 
members 2 ooh 5 columns (3). (9) and (11). It will also be seen that the extent of the ans =. 
Se standard in the case of Bengal is being consistently damped down, whereas И 
Pine of Bombay and Madras, this superiority is being enhanced. 


T. . NUMBER OF MEMBERS PER SOCIETY 
TABLE 7. N | — 
777 |.) ee — 
| Bengal | Rest of British disparity index Bombay Madri 
| India between the two — 
j 1 | 
| Я rri- mon- ` on- 
ear non- non agri ы sis D x A 
4 agri- | agricul- -> agri- | agricul- | cultural agricul- agri- non- nt ngrieual 
cultural} tural cultural! tural 100(2)/(4) tural cultural agricul- eu turn 
| 100(3)/(5) tural — 
шо | 6) | t | @-] 0 i 
1918—19 | 34-3 | 137-8| 34-7 1327 99 
31.6 | 8| 34-1 129.6 93 
29 ·4 4 | 34-2 1147 86 
29.4 | "T| 34-9 119-1 | 84 
27:9 | 54| 34:5 | 120-1 EH 
27.2 4| 353 р 77 
26-3 4| 5 | 74 ) 
| 21:2 | 8 ЯР | 76 1 
27.9 9 | 4 | 15 1 
26-9 | 105-7 37.6 72 2 
5 | in-4| 37-7 71 3 
1 102.2 37-9 | 106-6) 60 7 
9 11.0 | 38.0 109-7 66 8 
6 113-8 | 372 111.3 4 
5 113 -4 36-6 114.1 .8 
2 119-2 | 36-1 118.5 9 
3 | 1225| 36-0 | 122.8 n] 
© | 125-8 |. 36-1 117-7 1 
9 | 107-4 | 36.8 116-4 8 
4 112-4 | 379 116-3 1 
8 | 1141 40.8 114.3 | 
| | 


WORKING CAPITAL PER SOCIETY 
16. Let us now consider the matter not from the 
per society. The necessary figures are gi 


serutiny of columns (6) and (7) 


point of view 
iven in Table 8 в 
+ We come to the same conclusi 
cieties have fared worse than those in the rest of British In 


of membership but of work 
ompiled in the same way as Tabie 
Оп as before viz., that Bengal agricu 


3 socie 
dia, but in the case of non-agricultural 80 
The hopel 


а on™ 
В 


ига! got 
tie? 

the standard is about the same throughout. British India, 

societies in Bengal as compared with that in Bombay and 

and (10). Ona study of columns (3) and (9) it will be seen that even in the 

Bengal has much poorer working capital than Bombay, On reference toeni 11) it will appear „in 

even so far as Madras is concerned, although Bengal beg: P art ty 


7 m 
an With greater workin; “| 
1918-19, she had consistently less working capital since 1926-27. 


са 
\ A ^ agric 

lessly inferior position of аҥ 
Madras сап be 


2) ^^ 

5 ns (7. 

easily seen from pcre ocieties. 
А 5 

case of non-agricultura phat 


g capital per 


WORKING CAPITAL PER MEMBER 


tat 
2 паре 
17. It may be argued that in the case of Bengal agricultura] Societies, both membership and WO 


ing 
i =a rki” 
сара] have gone down as compared with the rest of British India, but it does not also mean that wo 
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TABLE 
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WORKI 


PITAL PER SOCIETY 


(In thousands of rupees) 


Bengal rest of Br. India | disparity index | Bombay Ma dras 
- кы | between the two 
year P non- | non- | | 
agri- non- agri- agricul- | agri- | agricul- | agri- non- agri- non- 
cultural agricul- cultural tural | cultural, tural cultural | agricul- cultural agricu- 
society | tural society society | sc ciety | society society tural society turall 
society Rs. |100(2) (4) 100(3) (5) society | society 
(3) (6) (7) в | 9 (10) a1) 
13-82 81 | 4401 10-38 
13-29 9 9- 
14 447 
l6 
17 
17 | 
16 | 
~ 15. 
13 | | 
13-67 | | 
14 -05 | 
15 48 | 9 р 
5:45 d 
ido 85 
5 | | 8. У 
| | 8 
| 8 
| E 
| | 9- 
| 9. 
| | 


capital per 
1 1 per member is worse in Beng 


that 1 
rere Е : 
©, as elsewhere, the position in 


cularly for Е 
ly for agricultural societies. 


al than out 


Bengal is definit 


side as can be se 
ely inferior to that in 


CAPITAL Р. 


en from. Table 9. 


ER MEMBER 


But it 
Bomb: 


тавив 9. WORKING 
Bengal rest of British disparity indes Bombay | Madras 
Year (July (Tami | India. between the two = — | = = 
» | Zri- mA = 0 g on 
toJune) | Өш ema cultor] Auel agri- non- | cultural agricul- cultural | agricul- 
society — tur iety T ultural agricul- society tural society tura 
ciety tural | society tural eu id E 
society Y gociety | society tural society | Wo 
8 Ка. Rs. ` Rs. society Rs. Rs. Rs. 8. 
2 — (7) (8) (40) (11) 
‹ Ё М a lu Eere 
1918-19 88-6 T = wal mo 
d 121 708 | бл 661 
m 8 105-3 51-5 123 75-7 | : 8 9 6 i 
Uca eto ME 123 77:0 8 08-2 T 
77-9 11022 | 86-4 101 840 | 1503) Тур, eb 
EET MISSE] ы 10 806 1608] ПА epo 
| 88-0) 1204 950 10 1030 118]. T$, а 
84-4 | 120-4 | 99-7 99 116-0 | 159 E 1443 | 1 5 
| 90 | 127-1 105-9 ' 99 121 1 | 175-1 81 3 1054 
| 92-4] 120-4 | 108-1 97 1102 181 882] 12 
0121 | 1 Pd 8 1020 196-0 | MODUS 3 
| 195-9 | 2 118-0 90 мо | 109-4] 5m 1 
| 109-4 qo MESE 92 132-5) 20877 93 -6 1 
109-4 | 4| 118-3 92 136.8 | 21231] 87-8 1 
113-1 1 117-5 96 133-9 | 216-3 80 0 0 
Hes l| LED 102 139.8 | 200% $5 9 
118-7 | 5 116-8 110 134-5 | 216-8 | 5 A 
121-4 | 3 116-0 105 124-0 236-5 105 Р 1100 
| 121.7 ! E 111-0 108 134-1 220-7 M 108 
1046 115:2 111 137.2 2136 1457 139:5 
10826 104-3 112 1395 9282] х 
1 a Eo F be zd 
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WORKING CAPITAL OF AGRICULTURAL SOCIEELES "mm —" 
18. That some difference exists in the case of Bengal agricultural societies is = n pg 
What is the reason for this ? Some light may be thrown on the matter by a proper йы n — 
elements of the working capital viz., (a) Share capital, (b) Reserve Fund, (с) Manhas loans anc * 
(d) Non-members’ loans and deposits, (e) Societies’, Provincial and Сайна! ees х > bw im м 
(Г) Government loans OE deposits as shown in Solinas сеа in о ei y — a bomi 
for the rest of British India. Most of these series record increases but their re speetive ra ; рр 
compared. Moreover they are all affected by the fluctuation in the price level shown in — 5 
each of the Tables 2 and 3. To overcome these difficulties, each of the above components has been ‹ н, A d 
as percentages of the total working capital in Table 10. Thus column (2) of this table for percentag 
share capital to total working capital in Bengal is obtained by dio 
age of column (6) in the same table. Column (3) of Table 10 is similarly obtained from the — dent 
figures in Table 3 for the rest of British India, The disparity index showing the rolntionship = dp 
Bengal and the rest of British India is obtained on dividing column (2) for the former by column (3) f. Я E 
latter and multiplying the quotient by 100. "The series of columns detailing the percentage of other co 
ponents to total working capital have been similàrly 


" 3 тееп 
expressing column (8) in Table 2 аз a percen 


obtained. 
PROPORTION OF SHARE 

19. On reference to columns ( 
Bengal hav 


CAPITAL TO TOTAL WORKING CAPITAL inar 
2) and (3) of Table 10, it will be seen that agricultural кше is 
* proportionately much less share capital than in the rest of British India. The mni 
made elearer in column (4) which shows that Bengal had proportionately one-tenth of the share ae 
compared with the rest of British India in the first year of the period under review vi 1918-19. 
position steadily improved till 1928-29 and 1929.30 when parity was reached, sinee when there has bec 
set back. The corresponding graphs will be found in Chart (1). 
PROPORTION OF RESERVE 

20. So far as reserve fund is concerned, 

of British India as will be evi 


dent on 
however, be improper to draw the facil 


than those in the rest of British India 
Depression in Bengal as well as 
sumably i 


па 


FUND TO TOTAL WORKING CAPITAL 


г i ^ st of the Great 
* For, reserve funds show a steep rise after the onset с 


een = sy pre 
е and therefore they cannot indicate strength. Rather they 1 


ing off bad and doubtful debts. This point will be further considere d 
later on. The mutual position in Bengal and outside is illustrated in Chart (2). 
PROPORTION OF MEMBERS’ AND NON-MEMBERS’ LOANS AND DEPOSITS TO TOTAL WORKING CAPITAL d 
21. Bengals Proportion is somewhat lower than in the rest of British India, but there 15 " 
substantial parallelism. The necessary figures аге available in columns (8) to (10) for Members and И 
columns (11) to (13) for Non-members, the relative graphs being shown in Chart (3) and (4). 


ROPORTION OF SOCIETIES’ АХ м 
PRO OCIETIES’ AND PROVINCIAL AND СЕ TRAL BANKS’ LOANS AND DEPOSITS 


WORKING CAPITAL 
m the bulk of the 


at the hig! 
in times of difficulty. as will appear from the stea 


from the beginning of the Great Depression, 
as will appear from Chart (5). 
PROPORTION OF OVERDUE LOANS TO TOTAL 


TO TOTAL 


39 


These loans and deposits for 


8 " be closely 
$ Е working eapital and should therefore. D 
scrutinised, It is somewhat. curious th; 


tion 
her financing 


$ da 
bodies should curtail their accommo tide 
dy decline in the wee 


Proportion whether in Bengal or < 
There is since then 


vo 
А on the tY 
Substantial parallelism between И 


LOANS СВАМТЕ 
23. It has been stated above that probably th. 


contain provision for bad and doubtful debts and their increase does not therefore necessarily indie 
" bani £ : à 5 А at 
strength. In independent criterion has therefore to be devised for estimating the character of loans grant d 
М9 Aracte 
1. columns (3). (3), (5) and (6) have been extrat 


shows 
: Bombay and U. p. figures, Column (4) sh. val. 
the | ereentage between columns (2) and (3) that is to say between overdue loans and total loans for Bené 


Column (7) gives the corresponding proportion for the rest of British India, i 
pared, it will be evident that the burden of overdue loans is а stagger 
as 84.5% of the total in 1936-37. The position throughout, has be 
India and is almost desperate near the end of the period under 


D BY AGRICULTURAL SOCIETIES 


: ve socie 
nds of agricultural co-operative 5© ate 


ties 


by such societies. The necessary data available in Table 1 
feom Statistical Statements, subject to a few adjustments in 


Tf these two are mutually © Ww 
ing one in Bengal rising to as el 
en worse than in the rest of "^ 
review as will be evident from Chart | 
columns (8) and (9). 


ch 
sh 
) 


The corresponding figures for Bombay and Madras are shown in 
„‚ correspo - 
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AGRICULTURAL CO-OPERATION 


GRANTED TO INDIVIDUALS BY AGRICULTURAL SOCIETIES 


TABLE 
BLE ll. ANALYSIS OF LOANS- 


Beng: iti i 
шаі rest of British India Bombay | Madras 
Year (Jul " mm эегеег Е ү —5 т Е E „ 
to Jun М total i 5i it | Bue | | 
June а › o | 
) (se dg аша ‹ total 0... | tage of | percentage) percentage 
aed | overdue loans to of which | overdue | of over x 
indir bbs Haus due of overdue! of overdue 
Gale n oans to indivi- overdue loans to | loans to | loans to 
total loans duals total loans | total loans total loans 
| 


Rs. lakhs Rs 
akh Rs. lakhs 1003) (2) Rs. lakhs Rs, lakhs | 100(6)/(5) | 
E j "1 


(8) (9) 


(4) 


= 
2 


алоча 


Oe а Dee b афо Ф о Ф 


& 
о 
+ 


r 
Tan E NTRAL BANKS 
ABLE |2 As. VINCIAL AND CENTR. 
2. ANALYSIS OF LOANS AND DEPOSITS FROM PROVINCIA m " = 


— — TO AGRICULTURAL SOCIETIES 
с Bengal rest of Br.-India deflated 
5 AT = —— 2 p value of 
33 loans and deposits from loans and deposits from loans and 
year 5.5 | nmo.of | Provin-cial and Central no. of | Provincial and Central deposits 
(July aa | agricul- | agricul- Banks per 
J to 3 £ | tural | tural (Rs. lakhs). society 
une) 58 | Societies Я — — Societies „ — 
j^ E (in 000's) | actual defla- — defla- (in 000°) actual | defla- | defla- | Bom- 
SEI value ted ted value | ted | ted | bay. Mad- 
E | | value | value | value | value ras 
м | | рег | per | 
> | society |socie- | 
ty | 


ey | (10) | (11) | 02) 
162-3: 813 1,084 1,653 
745 1,087 | 1,418 

886) 1,351 1,448 

966 1,500 1,543 

1,072) 1,602, 1,663 
1.38 1,654 1,731 
1.250 2,081| 1,744 
1.481 2,061 1,956 
1,733, 3,037 2,276 
1,785] 2,845| 2,414 
1,884, 2,623) 2,516 
2.143 3.180, 2,887 
2,7140, 4,581 3,610 
4,949) 3,438 


2,759 
2.741 4,960 3,392 


2.560 4.665 3.180 
5 2,475 4.490 3,314 
1249 2.410 4,167) 3,644 
1249 -40 [1301-46 2,215 4,031 3,739 
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; institutions 
: icher- fi icing inst! 
м 1 policy of higher finar Е 6 Ai 
24. Reference has E he stringent loar р À = 71 
f has been made above to t 
d ү" ast 
isis in the case of agricultural societies. 
in times of crisis in Е 
in times of crisi: g) 


“lender: 
Co-operative central banks are not — А 
^ s lers in the 
К rket : they are also lenc 
i 8 0 e money market : А 
resort" like the commercial central banks of thi 


in t the ques- 
CANET in n ficulty. Bu 
nnot therefore follow a liberal loan poliey like the latter in times of diffic iden the 
The former ca ке А | wd 
i ing tutions been mor „ Tab 
3 ге the higher financing insti i vin snb 
ү MM Sian Ui above? For answering this question, reference has to bu * е: 
x л Н оне 
0 (7) and (8). The other columns are self-explanatory. On comparing followed a more 
3 3 7 k 1 Uu "e To 
ка 5 lde (10) for the rest of British India, it will be seen that the latter hav 
Bengal wi ? 


and 
z ." ith Bombay 
liberal loan policy than the former. The niggardly treatment in Bengal as compared wi 
iber: y 5 
Madras is apparent from columns (6), (11) and (12). 


at resort. 


e exacting in Bengal than elsewhere. 


SUMMARY AND CONCLUSIONS 
It will be convenient to sum up the main conclusions һе 


low :— 
(1) Data as published in the offic 


in India 


' ive Movement 2 
ial State ments Relating to the € o-operative Move Tables > 


В Р m in 
sed (paragraphs 6-9), the adjusted data being shown 


that 
(3) It is only when the working 


this difference is revealed (paragraph 12), 


(4) Progress of co 
puted by Gompertz or 


(5) Tf logar 


rices 
2 " Л г of prie 
capital is deflated by an appropriate index number 


-operation in relatior 


e com- 
Logistic Curvy: 


b 
1 to population has been such that trends need not 
es (paragraph 13). 
ithmie linear trends are 
than that of the rest of British 
agricultural, (b) membership of bo 
and deflated, of agricultural societies 


* ral 
working capital of non-agricultu push Inc 
whether ordinary or deflated, the rate of growth in Bengal is tl 
(paragraph 14, Table 6), 


higher 


" „th is А 
Bengal's rate of grow 1 non 


€ 
8 ral ап 1 
cieties, both agricultur linarY 


re 
both OP. 
tal, socie 


М in 

Ev. я ; initely 17): 
(8) Even wi member, the position in Bengal is dofi 1 

to that in Bombay whe ` 


wn aragraP 
tural or for non-agricultural societies (Р: 
Parable standards 


ug авро 
eral components of the total working * 
S of the total (paragraph 18) leading to 


(9) To secure com 


conclusions ;— 


(a) Bengal has pr 
(b) 


oportionat 
but higher reserve fund 
included in the reserve 


ely less share са 


pts ar 
1. probably because reserves for bad and doubtful de 
fund (paragraph 20); 


wh 
б jo som? 
(c) the proportion of loans and deposits from members anq non-members 18 abs 
5 lower in Bengal (paragraph 21); is als? 
А nks ^ 
(d) the Proportion of loans and deposits from Societies Provincial and Central Ba 
different (paragraph 22), over. 
e 0 
(10) The real nature of the reserve fund in Bengal is revealed by the staggering percentile h 23) 
sa à Y stage T ar 
due loans to total loans, rising from 24 1% in 1925.26 to as much as 84-59% in 1936-37 (parag d 
(11) The higher financing institutions i 


of helping the primary societies out of the crisi 


ndia (paragraph 24). 


H = 
pital (paragraph 19); | 


AGRICULTURAL CO-OPERATION 


o- operative society in Bengal 


1. For 
а copy of i 
see “Co-operatio: rap of the earliest balance sheet and report of this earliest е 
on in Ber "by Si i Fi. ] 
yee ша” by Н. Sinha in the Visea-Bharati Quarterly. Vol. S. parts 1 and 2, pp.99-100. 
2. All annual ri rts be 3 ; A 
reports belonging to this series have been referred to as Statistical Statements in the 


paper, w 
per, whether before 192 


S or not. 


total loan due by 


3. General Statement B. the 
whereas the 


саг is shown as Rs. 2.16.70. 
5.12.95. 110. As reference to the 
been tentatively 


$ 3. In „Жаан 
individuals t the Statistical Statements for 1926.27. p. 
о agricultural societies in Bombay during that y 


amou à 
nt of ov 
verdue А 
Ве e loan (whieh must obviously be less ) is shown аз Rs. 
the latter figure has 


United Provinces, 


gistrar of C 
| ое l 
corrected to R ore Societies. Bombay, did not bring any reply. 
B. k 5 T м 8 у 
51,209,511. The Registrar of Co-operative Societies. 


corrected 

the figure for 

ments, gure for total loans due by individuals during 1931-32 as published in the 
ablished figure. Зее Prof. J. C. Sinha’s 


however, kindly 


Statistical State- 


As directe zd 
ed by him, Rs. 30,00,000 has been added to the pu 


Indi 
an Currency 
inpr Proline turi 
Y Problems during the past Decade, p.100n. 
official publication Index 


t trend of wholesale prices 
to the publication of 


"es published in the 


1. The 
re All-India i 
a index number of wholesale pric 
nt the presen 


Numb 
: bers of Prices i А 
m India 3 in India (Визе 1873— 100) does not at all repress 
E reover ^ а ; B 
er. only calendar year figures are available for the period prior 
h started the monthly series. It is therefore impossible 


Mo 
Honthly 8 
Y Surve s 
to calculate "d Business Conditions in India whic 
^ index — ^ z А + 
numbers for co-operative years ending June 30 for earlier years. 


where different. wholesale prices are 
have to be computed. They 
that the 


osale markets in India, 
ех numbers 
rof. J. С. Sinha in his view 
Indian Currency Pro 
“The Ratio Question" by 
3, part 2. pp.126-127. Mr. 
Statistics, Vol. 3, part 4» 
The Indian 


The fact is 
‘act is that there are several whol 


curr, 

"nt, and 

: , ars of W in i ; 
cannot, f varying importance, for whieh se 


however: bó 4 parate ind 
ы combined into an all-India one. We agre? with P 
the reasons stated by him in his 
this point see 


Calcutta i x 

Tring и is the most representative for blems 

Drs. H. Sint їз! Decade, pp. 16-17. For а furth 

B. P. PCR a Фф S: Sinha in Sankhya : The Indian Journa! of 

378 and Drs Вию Question А Criticis The Indian Journal of 

Journal of S у М. Sinha and J. C. Sinha A Reply” in Sanbhya: 
of Statisties, Vol. З. part 4, рр. 301295. 


Its 
should , however, be remembered that althou 
е genera 


in this and i 

аб бб oF di nd in tho following tables, the figures B 

em : ivisions and multiplications. They are. however. written in fu 
unadjusted data | 


er discussion on 
Stetisties. Vol. 


n San]: 
The Ratio Question — 


alues are shown up to the units 


igh the deflated у: 
hundreds place. on 


lly correct only up to the 
11 to facilitate со 


Place 
mparison with 


„by R. В. Prescott in the Journal of the American 


6. "Law 
aw of Growth in forecasting Demand 
Vol. ХУШ. 


Statis H 
tic P 
cal Association, December, 1922, рр.471-479, 


a Т 
he formula for comparing the slopes 


Statist; 

tical M 

al Methods (Revised Edition—1938) PP- 608-610. 

о regression equations then t = (5. — 5.) 106: — b. 


of the two regression equations is given in Mills : 


TE asc ee 
Whero в, и = а, + bi ty and ya = а, + ba 4e bo the tw 
i -- b, = the standard error of the difference between b, and: b; 


and Sz = SSE + В 
y = measure of the average scatter about the two lines О 


= (ху. - yor)? + EQ: — 99 
ye, being the caleulated value of y: 


f regression 


yy + Ne — 


> n 


yes y 

Y ы 175 

= ш number of degrees of freedo 
c „ 

N: number of degrees of freodo 


m of the first equation 


m of the second equation. 
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ON THE TOTALITY OF THE SOLUTIONS FOR THE SYMMETRIAL 
INCOMPLETE BLOCK DESIGNS: A=2, k= 5 or 6. 


By Q. M. HUSAIN 


Dacca University 
INTRODUCTION 


The combinatorial problem involved in the construction of balanced incomplete block designs has 
been solved in most of the useful cases and in various ways. Fisher and Yates (1938) have embodied in their 
table a number of such solutions ; Bose (1939) has tried to develop a systematie procedure for constructing 
such designs while Carmichael (1937) gives various ingenious methods for particular cases. But the problem 
of testing the isomorphism of the various solutions suggested for any single design remains to be attacked. 
as also the problem of investigation of the totality of non-isomorphie solutions. In the present paper 
all possible non-isomorphic solutions of the two designs, (i) v=b=11, r=k 


N 2 and (ii) #=6= 10; 


r=k=6, \=2 have been enumerated by following a standard method of building up u. design 


step by step which may be briefly explained in the case of (ii) as follows : The first block is filled up with 
n 


T 


the six standard treatments 1,2, . . . 6. Since in the remaining fifteen blocks each of the (5) or fifter 
pairs must occur, we place these pairs in the fifteen blocks. The new varieties 7. S. . . . 16 аге NOW о 
be placed. Each of them will occur with either of the series of blocks (ab) (be) (ed) (de) (ef) (Га) or. (ab) 
(be), (ac), (de) (ef) (df) where a, b, с, d, e, f are the six initial treatments which may be called in shortened 
form the \-chain (abedef) or the A-ehain (abe)(def) respectively. Taking all Boal d-chains into con 
sideration it has been possible to enumerate the non-isomorphie solutions for the: iy 
It has been found that, 

(i) the design yv=b=11, r=k=5, 
solutions suggested for this case are isomorphic. 

(ii) the design v=b=16, 


H si у 
se symmetrical desig 


all other 


has one and only one solution with which 


E, =2 


| 1 Я ‹ has three hon-isomorphic solutions which аге given. 
in appendix Г. The designs given by Fisher and Yates (1938) or. Bose (1939) or the first solution 
Carmichael (1937) are also isomorphic with the first. solution given there pe k у S 
Camichael (1937) is isomorphic with the third solution: | " 


phism being explained in appendix II. 


of 


while the second soluti 


x t доно 
the method of identification and test of ise" 


2. THE DESIGN v—b— ll, r=k=5 х= 


The initial block contains the varieties 1,2, 3, 4. 5. В 


Ў Я Т 
ach of the remaining 10 blocks must eon 


one of the 10 pairs of the varieties 1, 2,....5. So we have now to place only the ix varieties 6. 7 ү Же 

А Bp у вх varietios б, 7. " 

complete the design. A necessary condition is that each of the varieties 6 T t twice with the 
6. 0.11 must occur 


varieties in the initial block. This can be readily represented by the meaning 


(4.5) au 


A-chaining of the type ( 12345) 
^ n only 


blocks containing (1.2) : : (8,4 
(5,1), each number being repeated A times. This is the only type of Ael ae (2) d is m jo. 
1 айыы У ©у Х-еһаййпи or eyele possible 


thereby that one of these varieties, say 6. must occur in the 


wit 


Supposing '6' to Bn placed in the chain (12345) we ean place two more varieties say 7 and S. in the 
block (1,2), the other possible chains containing the varieties 1 and 2, are (1 X on E 5 ( 2534) 
and (12543) of which the first, second and the fifth are inconstétent: A ies 54), queam | 2 from the 
the fact that any two chains must have just two pairs of varietal E "d This is obv! e than tw! 
pairs of numbers are common, this means that the two varieties are comm; bers common. If om АА phus 
three varieties, say 6, 7, 8 are placed in any order in the chains; | „„, 

(12345) : (12453): (12534). 
Now at this stage, the block (1,3) has already received three varieties. и | е рис 
init. The chaining of these two varieties say 9 and 10, must be шы e Flore aria de that ap 
been already used. ‘The possible chains other than this S Sistent with (12453) or (13542) 
(13524) ; (13425) ; (13452) : (13254), апа бан 

of which the first. the third. and the fifth are inconsistent with (13542 = 

Hence, the only possible chains for 5 55 325) 


placing these two varieti 

: : = rieties (in any 3425). ( 
which are also consistent with the chains already used, ‘The гетаў 3 (in any order) are; (1342 : (T weet 
| о aining variety 11 is then unique 
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INCOMPLETE BLOCKS WITH X 2, k=5 or 6. 


in the chain (1 5 
4535) os в easily « 
( 35) as is easily seen. The complete pattern may be represented by the standard placing 


of the varieties 6 
varieties 6 to 11 in the unique set of chains ; 
(12345). (12453), (12534). (13425). (13254),and (14235) 
the completed pattern is shown 
ive chains is immaterial. 


3. 9, 10, 11 respectively, 
s are allotted to the success 


Regarding the suce 
below. 


ive chains to belong to 6, 7. 


Of coursi 
urse ` ас: i i 
е. the actual order in which these varietie: 


11) 
10) 
00 


=> 
SASK 
Denes 


2. 3. 6. 10. 11) 


3. тив DESIGN t=b= 16. r= 


ng the other blocks by the 15 
т to 16 are placed, Бу two 
-s of writing the blocks 


hich are shortened way 
2,3) (3.1) (4,5) (5,6) (6,4) in type B. No other 


Naimin 
g the varieties in the initial block as 1, 2, 3. 4, 5, бапа denotin 


blocks in which the varieties 


Pairs of these init; 

И Pap inging numbers, we can represent the 

(1,2) Bech ae, viz, A = (123456) and В=(123)(456) w 
4) (4,5) (5.0), (6.1) in type А and the blocks (1,2) ( 


type of 
> A-chaini 0 
lining is possible with six varieties. 


Тур 
уре Be UT 8 , е 
omprises the following 10 chains :— 


(123) (156) (135) 2 40) 
(124) (356) (136) (246) 
(125) (3 40) (145) (23 6) 
(126) (315) (146) (235) 
(134) (256) (156) 239 
duced solution of the 


rackets may be regarded as an unre’ 
et breaks up into 10 pai 
s set of the A-chains, 


We noti 

lotice k 

dosigu v U, d ce that the sot of numbers within b 

Fo 2 зе: resi " 

а Complete 20, r=10, k=3, NA and that the whole 5 rs each representing 
We readily ses that in thi 


replicati 

(1) plication, and а \-chain of type B. 

L Each var; E 1 
ach variety (from 7 to 16) occurs in six blocks, satisfying 7 =. 

receives four of the varieties from 7-16, 


ii) в 
i Euch pair of initial varieties occurs four times. ies 
(iii) —— HOUR S ; -— 
‘tween any two \-chains there are two pairs of blocks common showing that every variety pur 
is satisfied. Also for the whole design, 


occur "n 2 
curs exactly in two blocks, i.e. the condition \== 
®= (= "uH 
Thus th b=16 is satisfied. 
s the se r “ rami 1 
set of A-ehains of type В pro xamination. It can be 


Pen that the desi 
Solution, at the design given by Fisher & Yates ( 


vide a solution of the design under e 
(1939) are isomorphic with this 


1938) and R. C. Bose 


азу ве 
re varieties are placed in A-chains of 


n in which one or mo 
The totality of chains con- 


We 
t next examine 

Уре A, examine the possibility of a desi£ 
of the ehains as (123456). 


i Witl 
Sis; 10ut ss " 
istent wi loss of generality we ean write one 


th this is as follows :— 
Type B 


a2 (124) (350) 
uz (125) (346) ° 
a2 (134) (256) 
11 8 (135) (240) 
13 (136) (245) 
191 5 (145) (236) 
2 ә 5 
(15 (146) (235) 
been: 
Hi LL that one chain of type A precludes three of type в. 
EAE rioties В 1 1 
tions of Saver ties necessary to complete the block (1,2) can have if possible th? following combine 
18. 
З (а) (b) (c) 
Type A. d 3 2 
Type B. 0 1 2 
Total 4 m 4 


Let u 
S tv ; 
У (a) with 4 chains of typo А. 


Vor. 7] SANKHYA: THE INDIAN JOURNAL OF STATISTICS [Parr 2 


On agate the five chains of type A containing the variety pair (1,2) and each consistent with the 
chain (123456) we find that no three of them are consistent among themselves. There are only two consis- 
(124053) and (125463) 


‚ pairs, viz. 
tent pairs, У (126354) (126435) 


This shows that (a) is not possible ; but (b) and (c) are possible, provided the chains of type B ean be found 
consistent with those used from type А. 

The cases rising, so far as the four varieties in the block (1,2) are concerned, are shown below with 
appropriate placings of chains of both the types : 


(a) (B) 
(123456) (123456) 
(124653) (125463) 
(126354) (126435) 
(125) (3 4 6) (12 4) (3 5 6) 


We notice that in each of the sets (a), (В) and (У) one variety has been placed in the block (1.3). 

so that three more varieties are to be placed in this block. 
im £s Um set (а) only one of the chains of type A containing the variety pair (1.3) is consistent with the 
chain already used in the block (1,3). This is consistent also with the other placings of (а). We need there- 


fore. two chains of type B to complete the block (1.3). The set of chains up to this are : 


(а) 


(128456) (132645 142365 5 26 
iun Шш М 07707 
2 3 245 
(125) (346) t d eia 


The chai fane 
ТЕ. a саи аге s ан by considering those precluded by the chains of type A used in the set- 
as all the three chains cannot be of t. Я : у 

JT re ype В. At this stage the bloc ; rece 
two varieties. 8 2 ge the bloek (1,4) has ! 
ALTE Ka dcs pos to place two more varieties in this block. It is seen that both the chains 
ИЕ Fs E pner x ЕА be of the type А. The only consistent chain of type A is (142365) and 

ain of type B is (146) (235). Тһе combinations are shown under (a) id 


ived 


At this stage only one variety remain: 
y s to be placed. There ar А “table: 
The only consistent chai ч i en зеге are no chains of type B avail 
ae aD ^ ee {з зу pe A is shown under (a) giving a complete solution. ‘This E ains 4 chains 
` | 5 note-worthy that the set (a) can be completed only in one way as show і 
We next consi m = 8 n above. 
nsider the set (В). "Three varieties are to the placed in the block (1,3). ‘The chain 


125463) has b i 
f =. ) i 5 i mit This precludes the chain (136) (245) so all the tl hai annot be 9 
. 1 А ге C 8 CF 
yp chains of type A consistent with the earlier placings are ПАК) an i Me "^ which are 
2465) and (135426) W 


consistent between themselves. Of the two available chains of type В. (13 


either of the chains of type А. D) (248) ts mat consistent * 


Thus, the only possibility is the following shown under (B) 


12 5 
„ (Ui? дзены НОНО o tees 
(126435) (13 4) 256) Шеш) Ашы 
(12 4) (3 5 6) 
At this stage, the block (1,4) needs two m ieti 
of the four chains : ore varieties to be completed. We are to choose two a" 
(14 5) (2 3 6) 
(14 6) (2 3 5) wr 
3526) 


The two chains of type А are not consistent with each other. So we | 
В ог one each of types A and В. Neither of the chains of Туре A is —.— cp ciiin - s 
УР А 15 consistent with all the chains prev? 
TI f А . 1 - | 
aie last variety is then placed uniquely " 
contains 4 chains of type B. 


m 
ously 


used. Hence, we are left with only the two cycles of type B the 
8 Я nt 


chain (152436) thus completing the solution of the set (B) 


Finally let us consider the set (Y). Three varieties are to h. 
(126453) has been already used. Tbis precludes the set (135) (246) Tr din Pe raped 
2 е type В. Hence, all the three © 
arlier placings : 


The «раі? у 

: in? 

cannot be of type B. The following chains are consistent with th dii 
e ei 
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~ 


2, k—5 or 6. 


INCOMPLETE BLOCKS WITH л 
made in two ways only, viz, either, one of type A (with 


The choice of : 
choice of three chains out of these can be 
combinations, upto tliis stage are shown 


two of type В Y 
уре B ) or two of type A (with one of type B). The possible 


below under (7,) and (Уу): 


70 
(1 (145) (236) 
(21.3 (14 6) (2 3 5) 
(1 3 (1534290) 
(ү) ù 
(132564) 


(134265) 
(136) (2 45) 


In (Je) they form into one of type 


(1.4) form into two chains of type B. 
ely placed in either of 


In (Y) the varieties in block 
which is uniqu 


A ane 

бя type В. The block (1,5) receives the remaining variety 
6 and 4 chains of type B. 
either type in à solution, can n 
an unequal number of chains of type А (or 
non-isomorphic solutions viz, 
) contain 4 chains о! 


the desi 
iens + (y 
35 J and (У) contain respectively, 
ne i 1 ^ б 
important fact is that the number of chains of 


by 
У any renami 
À u sas 
ning of the varieties. Hence, solut ions containing 
then obtained at least. three 
Of the 5 solutions shown, (а). (В) and (Ys 


ever be altered 


of type 
aa cannot be isomorphic. We have 
5e containi я 
Lining 10,6 and 4 chains of type В. 


type Du 
ре В. These chains are shown below : 
(B) (Ү:) 
(124) (35 6) (1 2 4) (3 5 6) 
(134) (256) (125) (346) 
(115) (236) (130) (245) 
(146) (235) (115) 236) 


It is seen that (B) 18 changed to» 
"These transpost- 
readily verified. 


isomorphic. 
the transpositions (26) (35). 


lentical as may he 
matter of renaming the 


lt is hee, 

wg solutions are 
ito (а) by 
ete set of chains ic 
erns is only в 


(а) Бу aid m Sent whether the eorrespondir 
tions make n positions (15) (12) and (У) is changet 
Vote du ot only the double chains but the compl 
plete identity of patt 


get О dioi ў 
n. t of chains are identical the сотр 


initial va 
ca 


73 


and A=" ndodts 
as are shown її: 


es, 


=, 


the design: “ 
hie designs. 


fm 
hus we 


distint ү have kiünllx proved that 


» non isomorp The three complete desig 


pes of я " 
"ppondix 1 solutions, ра ая to 2 


x I (THE DESIGNS) 
mental sets of chains а 


and 4 chains of type В. 


те recorded. below 
For II and MI, 


Ti APPENDI 
TET x 
complete patterns corresponding to the three fundar 
tively. 10,5 


for ref; 
eference, T 
се. The sets I, П and ПТ represent respec 


the soluti 
utions (71) and (У) are recorded. 


H 11 
5. 6) 3. 4, 5, 0) (1, 
9, 10) 7, 8, 9,10) (1 
2. 13) 8, 11, 12, 13) res 
4, 15) 9. 12, 14. 15) í 
4, 16) 10, 11, 14. 16) a 
hj 5, 16) 7. 18. 15, 16) (1,6 
2. 5. 16) 7. 11, 14. 15) 2 
2 3. 16) 9. 11, 13. 16) 
» 3. 15) 10. 12, 13, 15) 
3. 12, 14) 8. 12, 14, 16) 
3. ade YS) 7, 10, 12. 16) 
3. 13 12 8. „. 15, 16) 
4. 13 12 9. 10, 13. 14) 
4 125 155 7. 8. 13. 14 
5. 2. 15) 8. 10, 11, 15) 
А 11, 16) 7. 9. 11. 12 


n (all of type B) 


n (all of type B) 
f type В and 2 of type ^) 


It 
may | 
У Бет 
noted that 1 and II have 6 chains in commo 
I and III have 4 chains in commo 


1I and III have 6 chains in common (4 0 


к This'shows y 
166 0 shows that the identity of even б chains of type B does n 
stent chains of type А can be found which exclude exactly 
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e pattern. 


Jead to the вап! 
p chains 


ot necessarily 
then the 


‘p’ chains of type В. 


г STATISTICS [Parr 2 
; А: THE INDIAN JOURNAL OF S 
Vou. 1] SANKHYA 


ап пе М corresponding to a solution of the 
cha f type B together form a consistent set 1 

d th 10-p) chains of type B tog hi i 

eA ( ) 


p^ у *p' can have only the values 0,4 and 6. 
i ге result shows that y' can у 
design. The above г 


APPENDIX II (THE PROBLEM OF IDENTIFICATION) 


be able to check whet! м i i T sters г, В. rs 
of importance to be abl heck whether two given designs with the same parameters ¢ 
It is of imp 


b morp ckly arrive at a substi i Й aake 
7 iekly arrivi substitution that would n 
i n ex: е see how we can quickly arrive at a subs 
i hic. Asanexample let us К 
k, № are iso à s à Ч 
Fisher’s and Bose's solutions identical if possible. 


* 1 
i T үү" > scale of 2 ant 
wi i se's design as a number expressed in the sca 
rd the quadruplet treatment in Bose's d i 1 
0 Р gn from 1 to 16, the two solutiot 


all (0000) as 16 ; further if we name the sixteen alphabets in Fisher's des 
€i к > 


can be respectively written as: 


(B) 
(16, 1. 8, 15, (1. 2, 
( 1,16, 9, 14, (ыр, 
(79, 3, 10; 13; (1, 3, 
- (3, 9,11, 12, (1, 4, 
(4, 5,12, II, (1, 5, 
(5, 4, 13, 10, (1, 6, 
(6, 7,14, 9, 2, 3, 
(7, 6,15, 8, (2, 4, 
(8, 9,16, 7, (2 
E 8 № В, (2 
(10, 11, 2, 5, ( 
(11, 10, 3. 4, (3 


(12,18, 4, 3, 
(13; 12, 5, 2, 
(14, 15, 6. 1 
(15, 14, 7, 16, 


(4, 5, 7, 10, 13, 14) 
(4, 6, 7, 9, 12, 15) 
(5,6, 7. S. 11, 16) 


In the present case F is in standard for 


а А ing steps may 
m, but this is not a necessary requirement. The following step 
be followed :— 


(1) Identify any block of F with any of B. 


т ify the 
We have chosen the two first blocks. - таспи 
varieties occurring in these blocks (say. 


initi : є in which 
» initial blocks) in any order. We have preserved the order in W 


1, 2,3, 4, 5, 6 
М 16, 1.8. 16, 5.3) 


equivalent initial pairs, 16. blocks (1,2), (1,8)... 


they have been written, This gives the partial substitutior 


(2) Identify the blocks containing of F -— 
blocks (16,1) (16,8). . of В. san] 

(3) Form the chains of the non-initial varieties of both the p 
then the varieties corresponding to identical chains are transposable. 
not identical. In this case make one of the chains 
by a substitution. If the two solutions are isomorphous the two complete se 
by the same substitution, Having got the identical 


correspond to the same chain. 


г ident 
given designs, If these aro id Ж > gie 
But it may be that tho chains 


sign 
с 2 or desig 
for one design conform to some chain of the other € tical 


2 ү » iden 
ts of chains will become 1 that 


1 chains, set up the equivalence of the varietic 


Thus, in general we have two sets of substituti — 
non-initial. These substitutions bring the two desi " . Lies 
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MISCELLANEOUS NOTES 
BERNOULLI'S THEOREM AND TSHEBYCHEFF'S ANALOGUE 


By SAMARENDRA NATH ROY & PURNENDU BOSE 
Statistical. Laboratory 
eries of n trials (where the chance of success is conse 


Bernoulli's 
oulli’s theorem on the probability that ina s 
m should be within a certain range of the 


tant fi 
rom tri a 
al to trial and equals p) the number of successes 


€Xpeetati 
tation value, can be stated as 
wl P{[min—p}<e}>1-7 if nnt: 1) S 
"here £ an 
Чу are arbitrary small numbers and 
sm 00132) 


ne, 1) (0/2) + (1-8) log(1 /) | * 


ВН : 
y introducing n indopendent stochastic variables te 7 а, each of which can take values 
ebycheff's law of large numbers a theorem which is 


n) за function of = and 7 different from 
nalogue of Bernoulli’s theorem, In its 


Ys 
r 0 wit! 

1 pr A P 

probabilities p or q we can deduce from Tsh 


9f the sa 
same for 
that pent: а as Bernoulli’s theorem (1-1), except that ne (=, 
Seneral form 2 (1.2). This theorem we shall сай Tshebycheff's ar 
d as 
убаа а) / E 

opm) uU Ce) ыі Haa): s (3) 
spa) the mathematical expectation 
t. If now, instead of 


shebycheff’s law of large numbers сап be state! 


PU (ey 


| be) аа ttt: 
Whore 

i, as, x 
and Ув, "Ak ry аге any general stocha 
. MNN 2^ Doce) the variance of zi s 

Ua DO! (v 
Bios cing general stochastic variables, they ате assumed to be 
S such nas 
that cach can take on values 1 or 0 with probabilities p oF 4 then 


stic variables. Er: c: 
„наь. both being supposed to exis 
mutually independent stochastic 


Variable 


(ха. Ба) —m(number of successes), 


(ау 54-65 fay) / n= 

It will be thus sı VCI E ta) /a | 
5 seen that by utilising (2.2), (2.1) ean be reduced to 

* (23) 


P{|m/n—p <e}> 1—pg [n 


Sineo P and 
i € 


18 4 Ч ure bot eus Е 
i. Henco (2 7 — positive, and p-+-g=1, the maximum v 
2.3) implies another inequality relation 


P{ |m/n—p|<e}> 1—1/4ne* 


t foll 
Ows t] 
hat givo А 
given two arbitrary small numbers & and 7 we have 


-alue of pg is reached when p—q and that value 


Where py P(|m/n—p|<e}> 1-7 if n>n' le. 7) (2.5) 


»( 


wh; 
hich lat rnoulli's theorem, 


s analogue of Be 


£0) = 1/der р 
[4езу. Relation (2.5) we shall call Tshebyeheff" 
and Tschebyeheff's analogue 


ter w. 

are would Я 

і approximate AE by (1.1) and (1.2). Now both Bernoulli's theorem 
nd fairly close but not exact inequality relations, that 15, in neither case would the 


Dequay 
ality p 
elati а 
s, (255), раа queri е ү EIL if nen (e, 7) defined by (1.2) or n<% (s, л) defined 
at is, of course, a least number n^, (s, 7) which is yet unknown such that the inequality 
]ly arises 


ion (1 
За 1) or (2.5 м 5 
t r (2.5) holds if n>n”, (=. т) and is reversed if n 17e. v). The question now natura 
) i erse en" (e) " 
ат; both are. of course, 


in han n” DNE Я ДЕЖ 

Ч о (е, n). This point we have tried to settle by numerical-cum-graphical methods in the follow- 

0 Consideri Evi 

a and 3 the (e, 7) plane we are generally interested in the square defined by s УЗУ РЕ irona 
varying from 0 to 1. Inside this square we аге interested in knowing whioh of fe (5) OF 


v ite 
) is gr E м ; 
greater. We have thus to find whether 1/=-+ (1+2) log (1/7) / e OF 1/4°7 18 greater: 
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If (e, п) is greater. then Bernoulli's theorem gives a wider limit and is thus worse, and if a4 ped 
No (E, BJ 


is greater it is the other way about. Equating the two we have 
is g А 


3:41) 
1/6 (Le) log (1/7) [71] 469) as @ 
3-2 
r = e={1/4n—log (/)) [{1-1-109 (1/9)] a Ё 
В prest 


If this curve had cut the (e, 7) plane outside the square defined above, then within ош region "i d 
either n, (=, 7) or nee, n) would have been throughout the greater of the two, that is, SA Гар =} нй 
analogue ог Bernouli's theorem would have been better. But, as the accompanying table anc кач 
would show, this curve (3.2) cuts across the square and divides it into two portions in one of w 


i Ten x : 2 ‚ is closer 
nee, n) vn ele, 7) and in the other e, 7)>n, (2.7) ; that is, in one region Tshebycheff's analogue is ck 
and in the other Bernoulli's theorem is closer. 


fs 


oot 
(em) Curve 
o4 
E 
ч 
8 
о 
a ов 
© a 
> 529 
2 
v 
а y 


oe 
Value of » 


Tanun ins VALUES OF € FOR DIFFERENT VALUES OF 7) 


i E^ — — |. en ИШ — - — " 
FREE "EA г 7 x Га г 
0-01 г | | E uec RN 
0.02 | 12580 0 0:1085 | 0-17 —0 1087 | 9-50 
0-03 1.0710 9 41 00598 | 0-18 | — 0.1200 0-55 
0-04 0.7185 | Er 0:0204 | 0-19 | —0-1296 | 0.60 
0505 Mess ee | —0-0118 | 0.20 | —0-1377 | 0.70 
0-06 | 0.3549 | $15 | —90-0985 , 0-25 | —0-1019 080 
XE | блр. срыв 0:30 | —0-1682 | 0-90 
0-08 4 —0.0795 0-40 —0-15 | 3 
bo. [ © | 9-6 | —0-0054 | 0-45 0180 ы 

uS aa _—0 135 ae 


It is easily seen that at tho origin n’, 


й оой 
the origin and this i P 


S is the region in which wi be. т) пе, т) and hence in the immediate neighbour! D 

than Tshebycheff's analogue, are Most interested, Bernoulli's theorem gives а ions 
It is well known that the proof of F 

is long and complicated though extremel 

a proof which is as simple as it is s 

à; p ple as it is short. i's theorem (1 * been disc 

in favour of Tshebycheff" n (1.1) and (1.2) might have bee 


Bernoulli's theorem 


к А а , " ithin the re 
of interest in the immediate neighbourhood of the point н Were less than nole, 7) within th near 


t 
igin it is just t Я > 7—0, but our investigation shows tha 
dne Sed b i a the other way about, and hence the arduous mathe ES ATEREA ON E d in the pes 
ч justifi i " ^ ; involve 
of (1 1) and (1.2) are fully justified, as against the shorter and Adler dae ical Dt ү d "e 
E asoning behind (2.4) and (2 


Paper received : | January, 1943. 
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LESS TRAVELLING ON THE LUCKNOW 


INCIDENCE OF TICKET 
F THE EAST INDIAN RAILWAY 


CAWNPORE. SECTION О 
By J. SINGH 
Commercial Offic EI. Railway 


n sampling to the problem 


al theory of randor 
the Lucknow- 


adian Railway, viz. 
g enables us under 


e modern statistic 
«оп of the East Ir 


val theory of random samplin 
ch as its mean, standard 


2 ier iini gi sg ae to apply th 
Cawnpore Secti extent al ticketless travel on a short sc 

on. As is well known the modern statistic 
ertaining to а population. su 
lom from it. Our object 
Section durit 
etected on à small number 


certai 
n conditi 
itions 
de ions to estimate statistical measures p 
ple drawn at rant 
Lucknow-Cawnpore 


is to deduce the 


viatio 
n. ete | 
e Бу an analysis of a small sam 


averag 
ag a specified 


; passengers per day over the 


e 
number of ticketle: 
er of ticket less travellers d 


Period, say 1.10.41 to 30 


by examining the numb 


of day 
Ns seleete 
eted at random during this period. 
"able I giv 
gives the А T nel > И 
es the number of ticketless passengers charged by the Travelling Ticket Examiners. the 
made over for prosecu- 


total 
and per В 
х eu s s Р 
tion and the t a amount realised from them, the number of ticket! 
* tota wi, ge i 
number of ticketless passengers dete e 20 random days selected. 


less passengers 
seted on thi 


AMOUNT REALISED FROM THEM. 


ND THE 


char | 1 | 

88 harged by examiner | | | | charged by e ИТ 

dedas number total ш. ш mus | д Я 

ing num prose number date of | ber (one 
ber -| total average euted ticket- checking num- total average prons: jo ke 5 

EB amount amount, less | ber | amount Amount eutec less 

TEM Gees Rs. Rs | Rs. | 
) e e e e . | — 


e (3) (4) 


i 


population from which the 
ko, ks, Kay 91 and 92 


d out whether the 


о to fin 


The fi 
irst st anes n 
5 ep consists in examining the sampl 
11 known statistics Кз, 


sampl ы 
i ежа А 
Mtr rawn is А 
‘troduce is normal or not. For this purpose the we ds т 
sample consisting of 20 items we obtain in к, е Es à 
—0-68183 and 92 56564. 


d by F 
Number Pa Fisher are ealeulated. For our 
Standard d kı =26-75, ka= 173-039, ka= 1551 -9956, hs 
of g, —0-512 and standard error of у: 0.9924. 
it is clear that both gı and g: are well within twice their 
п zero. The infinite hypothetical population 
the meat and the standard 


The mean value 


— 16936 8732, 91 


From t В 

d ко poenis E (i and g: given above, 
devi therefore be tal therefore do not deviate significantly from 
_ ation respecti ce to be normal. Best estimates of the parameters M and о, 
pectively for the population are provided by kı and yk: caleulated above. 

а error for the samp! ks] 94. Hence 
(standard error), OT 26 754.202 94). The 
ss than 5 per cent and therefore, 
obable values of the average 

on during the period specified E 
day falling below 20:87 


Standar 
may 


le mean is y 


' mean i 
nm of the population must lie between Ёз + 2 
this range is le: 


1 the minimum pr 
-Cawnpore Бесы! 
gers per 


Negligi 
Bible, А 
We have thus ealeulated the maximum anc 


mum! 

ber of ti 

E tick 

"bos, Duo passengers travelling over the Lucknow 

ding Ex of the average number of ticketless Passen 
g 32-63 are exceedingly remote. 


Inn bn 
аз E 
imilar manner we can study the distrib 


ketless passenger 


o study the distribution 


or охесо 
ution of the amount realised per tic 


Tt is considered more арр! 
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1.0 
STER 
distri " Я 
ribution of рег capita realisation". ropriate t 


x 2 
у А: Е Y JOURNAL OF STATISTICS [ Part = 
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i lisation’ rather than that of the total amount realised. Columns (2). (3) and ч) ome 1 
1 "ni p. bec passengers charged on 20 different days, the total amount realised on these 
vids pias hei realised per capita respectively. The values of V, Ёз, ko, kas 4 
oe ке capita realisation as calculated from the sample are respectively 1 +2 

1-112 and 0-875. The standard errors of g, and g, are 0-512 and 0 
91 and g: № is seen that g: 


у and у; for tho distri- 
MEE » 0 119,0 0446, 
‘S73 respectively, From the values af 
» is well within twice its standard error, but fi exceeds it by a slight amount, € 
0-088. As this amount is very small, we can fairly take both g, and аз to Бе within twice their standar 

errors and thus take the infinite hypothetical population of per capita vealisttibi also ke Be 
best estimates of the mean and variance 1. = 1 


normal. The 


and k,=() -22 
population of per capita realisation will here lie between be 
roughly 95 per cent cases. 


-fni Р tient 
- The true mean of the infinite hypothe ^ Е 
dd 772 
56 200106), or between 1:348 and 1-7 


65 
It will t hus be seen that the average number of ticketloss 


32 
та 32 
passengers lies between 20-35 and 

and the average amount realised per passenger lies between 


Rs. 1-35 and Rs. 1-77. Thus the averng 
amount realised per day lies between Rs. 28-15 and Rs. 57-79. гого 
We now proceed to estimate the average number of passengers who refuse to pay and have there 
to be prosecuted, hereinafter called the incorrigibles. 
the number of days in which 0, J, 2, 
From well-known statistical conside: 
for this sample is Poissonian. 


[ing 
The frequency distribution of the incorrigibles show s 
З and 4 of them are detected is shown in ec 

rations, it was inferred that the 

This inference can be + 
assumption and then applying the usual (X. p)-test for seeing that the actual frequencies do not diffe 
ficantly from the expected frequencies, 


(1) and (2) of Table 
distribut! à 
this 


ion 
population frequency 


4 Kn tee On 
tested by ealeulating the expected frequent $ signi- 


sibles 


We now calculate the expected frequencies by substituting 
per day calculated from the sample, viz, 1-9 in ne-m mela 
pected frequencies are shown in col. (3) of T: 
X* is seen to be 1.8171. 


ineo 
for the mean number of inc 
ә 
еге 220, 1.2, ..., / 1:9. n Jn 
" м ^" uude 
For the frequency distribution under consi 


“phe ex- 


rations 


able 2. 


y du 
17 di К быкый 88 
Тһе probability of x= being 1-8171 or higher for three degrees of free dom a 
the present instance, lies between 0-5 and 0-7. Thus the deviation of the observed from ЄХ This 
va lues is insignificant. The Poissonian distribution is, therefore 


ta. 
P eee З our Ча 1 
‚ап appropriate fit for ó number 


is 0-308 


is also clearly shown by the close agreement, of observed and с 
of incorrigibles is thus seen to be 1-9, 
The chance of the true 


95 per cent. 


В «г егин! 
xpeeted frequencies. ‘The averag 
The variance of the mean is m/20 or the standard error 5.516 is 
mean lying between 1-9+2( 308)— 1.9 1 “616 or between 1-284 and 7 


TABLE 2, Days cr 


SIFIED ACCORDING то тнк IBER OF INCORIIGIBI 


Толо REI E E EE 


$ DETECTED. 


no. © observed expected 
incorrigibles. frequeney ойын Г | 
u 2) (3) NSH A 
0 5 2 1 Ж 
1 5 ; 
ES з | 
3. 3 4196 
+ 2 2.5060 
"Totals Р 
otals 20 20-0000 X'—1-8171 , 
D.F.—3 


SUMMARY OF cONCL USIONS 


(1) The hypothetical infinite population of ticketl 


‚ pee? 
drawn is normal, as algo the populatio; 


з bas 


Passengers from which our sample: 

(2) There is roughly 5 
lying outside the range 20-85 and 32.65 
range Rs, 1-35 to Rs. 1:77. 


„day 
per 

econ gers 1 e 
verage number of ticketless passeng utside th 
a » 2 я oue 
` erage per capita realization lying А 

e 
jan 
3) T -— : Я „ra 
(3) The true average amount realised from ticketless passen, TEE n to lie u ai 
3 55 passengers por day is sec 

Rs. 28-15 to Rs. 57-79. gers per day is se 


(4) The population of incorri 


ion 
distributi? 
Sample has be en d i isson dis zl 
D $ һе rawn is а Poisso al 
(5) The chance of the true average number of inc orri wnisa sä 


95 per cent. 


Paper received 20 July, 1943. 
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INFLUENCE OF HUMIDITY AND TEMPERATURE ON 
THE YIELD OF COTTON 


By К. RAGHAVAN NAIR AND PURNENDU BOSE 
Statistical Laboratory, Calcutta. е 


с of weekly rainfall on the 


which he studied the influenci 
hod when the influence 


Fisher E x 
rer (1924) devised a special technique by 
n of the above met 


annual viel, Е 

of Arg ө d of wheat at Rothamsted. This paper is a goneralisatio 
nan one meteorological factor is to be studied. 

„M. be k meteorological factors which influence the yield of 

year for each of which records of the meteorological factors are 

eld of the crop upon the Ё meteorological factors 


Gener 
" feneral formulae, Lot Mi. №. 

тор jy. (Mess 
available. Eo q be the subdivisions of the 
E . 1e multiple linear regressi i Y! 
is written ag ple linear rogression equation of the уй 


the 


— g g 
ҮСХ deine & autas s HE акта 0) 
j net ne mi 
Where эү, mie j 
2s sees Magy Mag, Maz Mays Mass Maze +e тул are the measurements of the meteorological 
ns of time were made infinitely small we should 


factors į 
Ors in the di a 
replace the = differont intervals of time. If the subdivisior 
i еке 8 Mrs 
near regression funetion by а regression integral of the form 
m T T у 
У=С-- ата + gam, arndt 2) 
о о 


Where 
ет : 4 5 А А 
taken in general is tho effect of the meteorological factor in the element of time dt. The integral is 
ever tho whole period 
ime such that 


IH T. p. p " 
„Ti, Tas ., T. bo a series of orthogonal functions oft 


T T2 

AO (rd. у .d l. 
o € 

may represent tho series of values of each of the motoorological factors as a tim 


ther с 
1 we i i 
we e series using the 


follow; 
Wing orthogonal polynomials, 
mie Pio Teo Брат: рТ: „ Paw Le 
s. 9) 
* таз pals рт Т5 
my m Pao To Pia To РКЕ +. Pi Tn 
Where à 
раўт 
Wha терда o р m 
Ping аьа for the meteorological factors in (1) may bo expected to lie on а cone 
[n В 15 042, +++, ба, TOT i d ) 
s time curve so that we naf express the regression function in (2) in the form 
G io Ty pe a Tat = 
(4) 


Tras Ts t 


— T Танаа — 


d aso Te 623 


Where Е 
а «= fa; Tad 
The dog, ы " n Idom exceeds 4 or 5, Now 
з "reo of the polynomials in (3) and (4) поша be the same and in practice seic om exceeds 4 ого, 4 
Sing the p E 3 s 3) and sl 
relations (3) and (4) the relation (2) stands 3S 
aat: 402002) 


Y=C+ (Oo i- EDG . . Роз) + (Psotao P 

4 з. (Piso tio + 
each year 
the yiel 
fficients using relation (5). 


No Padua c + Pann) 
E ; r 
foi the values [NT rw may be obtain® а for py fitting orthogonal polynomials for each 
Pi, s s sProsPkis- may 
Corological factor bie edited ix series with d of the crop for several years, W^ can get 
jon coe 


values 
of a А 
ац (i1 to b; s= 1 to n) as partial regress! 
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fee f 
‘hich will give us the effect о 
ituting these values in (4) we get values of a,.a:,.... a, which will give т н ына 
ituti d . | vin, ih 
By subse h meteorological factor at any point of time in the season on the yield o sd ib 
3 ч vi Я teori " 
end of tno season In this paper one actual example has been worked out with two meteorolog 
end of the season. 1 per d 
In this special case equation (5) will reduce to 


51) 
Ү=С+(Р109,+Рпа1+ . Рьа„) + (PoBo HPna Bit РВ) s Ч 
The description and the method of analysis of the experiment is discussed in the next pangad ИР - 
Numerical Illustration. The application relates to yield. of cotton gnarus. if ped sin sni. 
research station, Sarkand (Sind) and supplied to us for investigation by the Director of * ies 1 
In certain years there were low yields in particular tracts; and it was apprehended thant ки * Humidity 
were due to climatic factors. Yield figures for 1931-1941 (year 1937 was omitted) along with certai 
and maximum temperature figures for four months (Aug 


or 
? ‘ere sent to us fo 
ust to November) for cach year were sen 
analysis. The number of years is too small, but the 


„tical 
material has been analysed to elucidate the epe 

procedure. For each day there were four readings for temperature and humidity Hom pica bis à 1910 day- 
inter- vals of 2 hours ; the mean of these four readings was taken as the representative figure for imalysed 
We have thus 119 individual figures for temperature and humidity for each year; these were anii 
by calculating the coefficients of the polynomial up to 3rd degree. 
humidity in each season is thus represented by four figures, „ The 

The computation of temperature and humidity coefficients involves a great deal of labour. 
method of successive summation 


first given by 
may be briefly described as follows. 


1 
k манай A 
The distribution of temperatu 


1 

"Ihe met hot 

Hardy and subsequently by Fisher was used. The 
Let the whole interval be divided into two parts 


(V to m) and (m бо п). Thon, 
m 


81=У ал, 52 — - 1—i) xL EE 
ist isa L 


 Е (m4-2— i) 471 | 
к= ыа (092—0)... n EZ Lis] — " 
| 


oon 


Ex 455 [eia E? |. 1 | 
4 n f 
а. (m+2-i) ., (m+k--1—i) элу 


Taking alternately sums апа differences wo obtain 


à 2 4 
SI SSI 81, 8282 —62, Sa S3 Lag, S. bid. 
and so on. from which the final Sums of the whole 


Si=S,, 82S MS., S. Se CMS, MU (М--1) 8,91 
$:=S,+MS,4M (M+1) Si2t-w( 
The series S,, S, Sa, S., 


М+1) (M42) 8% 
has to be divided byas 
n(n + Dn + 2)(n + 3)/4t 


where M=n—m. 


afs 
8 eries of numbers 21, n(n-I- 1) 60 
etc. yielding a series of numbers, т, n (n 4- 1)/2!, u 
1 21 
= – 0 081), b=— ((n у_,; жез. Si ч "m 
зе xi n(naij (1 за), c пр убара. à) (n42 ды 
4! | . | 
d= тие) ={(m-+1 - i) (n4+2—i) (n4-3— i) 1 031) a 
-alue 

Iu the present case as we have fitted a third degree curve, it is sufficient to calculate up toc, From the vn 
ofa, 0, c, d. ... we can finally calculate P-values from WB 


the following relations 
p,— na, pi (db) y roten ny, 


G- 85426) f эи тт) (n4-3)/(n - 1) - 2 
кыены С 
рас (а - 604-100-540) M MEI) (m42) (1--3)]( — 962005 
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Polynomial values of Meteorological Factors. 


for differ 
erent values of r, and the last two columns give 


year 


(1) 


1931 
1932 


1933 


1934 


1935 


1938 


1939 


Tablo 2 
(3) to (8 


HUM!DITY AND TEMPERATURE ON T 


constant T 
(3) (3) 
a 1 
b 2 
« 3 
d 4 
“ 7 1 
b 2 
8 3 
d 4 
“ 1 
b 2 
Я : 
d 3 
a 1 
b 2 
e 3 
d 4 
а 1 
b 2 
9 3 
d й 
E lg 2085 
a 1 
b 2 
e 3 
d ї 
“ IS 
b 2 
9 3 
d 4 
a E А 
b 3 
e Ж 
d 4 
e Iss = Е 
b 2 
3 3 
d 4 


gi 
) y" a orthogonal polynomial coeffi 
. Col. (2) gi n 
> (2) gives the yield of cotton for each year. 
egressi 7 Р 
separately (1) 5 Equations. Having obtained the P values 
yield against humidity ; (2) yield against tempera: 


In table I. columns (4 
the values of the constants а, 


EADINGS FOR 


е constant 


HE YIELD OF COTTON 


) and (5) gives the values of S. 
S. с. and d, for each year. 


HUMIDITY AND TEMPERATURE. 


| 
| humidity temperature humidity | temperature 
| ч (5) 9 | 
| ` 10569 -8 | 
| л 649440 -8 

17 1 6517915 -2 
| 544473478 ·2 814500515 -4 61 -9890 
| 5540-7 | Е 10581 -2 46-5605 88 9176 
| 378870 -9 Н 656769 -8 53-0640 91 -9846 
| 163329765 26780306 -0 56-7157 92 -9936 
| 517979: 9 | 819840926 -8 58-9726 93 -3399 

89 4997 


6060 +5 
390111-7 


| 10650 47 
| 654479 -41 
96514585 -22 


309598382 -30 


50-9286 
54.6375 
609 


5 
58-3525 


91 -6638 
92 -0709 
92-1738 


T 

346501 `+ 
14742044 -9 
0 


| 10006 -0 
632339 4 
260177048 
300895752 -2 


43-1824 
48 -5296 
51-1912 
52-4078 


84 -0840 
88-5029 
90.3455 
91-1830 


371828888 +6 


2 4 
12002542 0 
379086284 4 


10518 -0 
657457 · 8 
26882440 4 
824728215 0 


460845528 
- A505 7 10289 -1 38-3672 | 86-4680 
287612 -0 643466 -9 a an a0 0815 
984 - 25402355 8 6165 | 91-6812 
118328885 б 81 1902273 8 42.3326 | 92 4361 
| 
| 


34.6395 
36-1130 
37.3525 
38-1169 


88 -3866 
92 -0809 
93 -3483 
93 -8963 


oh 


37.3647 


42-9645 . 


45:8207 
47 :2809 


93-3412 
96 -9188 
97.8540 
98-1770 


32 0672 
36.3623 
38-6467 
39 -8863 


97.6517 
98 4479 
98 7407 


7 
2 


| 
| 
| 
| 28168959 5 
| 6 


35 0210 
39.0799 
41.6784 
43-1479 


95.3000 
97.8566 
97 :8157 
98 «0597 


and ter 
mper. М 
— The respective equations are as follows 
:=119.8274-Ь2. 
Y 8274--2 1910 p,,— 0 7752 p,, +4 “1904 P12 
—1613 47372-00002 Pay —0 -0122 par-+16 "0435 P22 


Y —493 -032 i 
493 -0320+ 2 -1283 Pio —0 -0762 ри. +3 5696 Риз 


у, 


The d 
egr 
grees of freedom for testing Ra, Re, and R, are 5, 


tues 

of the multiple correlation coefficients are gi 
R,-0-3079, Ra::0:5099. Rs 
5 and 2 respectiv 


ven below. 
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for temperature an 


ture ; and (3) yie 


— 0 001584 P20 


=0 -5646 


rely, but none 


cients for humidity and temperature for each 


d hu! 


— 0 -0050 Pat 


ld jointly against | 


f them are signific 


year in columns 


midity we have fittod 


jumidity 


() 
(ii) 


11-4488 pas D 


ant. 
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STS Fi J Т AND TEMPERATURE 
2 IAL COEFFICIENTS FOR HUMIDITY 
THOGONAL POLYNOM. 
TABLE 2. Om 


Se 
\ T 
year | yield | Pio E: Pu | Pis N Pay = á 
“a | @ | @ | а (5) (в) - (7) н 
Joa | 1602 | 00027 | — 8720 20 56 969 -05 a ys 
1032 591-5 | 507˙98 23-80 | 20-01 Boom рее 
1933 (oam 505.68 — 70:65 2347 976 44 siis 
1934 | 1328 -0 47112 | —I01-88 — 0-65 917-36 — - 
1935 1414-0 | 418:59 — 36-47 18-88 943-31 —60 -69 
1936 | 1389-0 377.92) — 28-08 | 235.1 961-30 —10-38 
1938 655-0 | 407-60 —106-68 3-50 1018-35 68 1 
1939 | 1274-0 349-85 | — 81-82 6-85 1033 -94 — 54-00 
Han EUR ‚38207 — 7734 7 38.52 1039 -72 — 39.20 


` Conclusion. On available evidence there is 
on the yield of cotton. 
here, 


"ану 


коб 
н -— nalysee 
It must however be remembered that owing to the scantiness of the material а 
any but a large influence might well remain undetected. 


T 1 hun 
no significant influence of temperature ane 
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INDIAN STATISTICAL INSTITUTE 
Thirteenth Annual Report: 1944-45 


The Indi канен 

снн - эчу: istical Ingentes which was inaugurated on 17 December 1931 and wa“ formally 
наб 3 making society registered under Act XXI of 1860 on 28 April 1932, has 
reflecting the ra jid cars of useful work. Tts activities this year were even more varied than in the аф ШЕ 
pid growth of the application of statistical methods to problems of human welfare 5 e 


The I 
nstitute А 
го combines ir z 
8 1 ` re P д ad HH p 
one organization а scientific society, а centre for advanced training and researches 
g S 5 


in statisti 
isties, ап б 
в, and а fact findi i 
inding agency using the technique of sample surveys on а large scale 
ach during the year was 5220 
per P r f 
жн; И | erage of 417 workers- 
‘ stical work was done as before 
lone as before at Baranagore and 
(f was posted at 


at Giridi 
ih. Owir nae 
Barana ле to limited accommodation in Calcutta, the major 
ch 1945 being 161 and 178 at these two places. 


The 

mitika о TE of worker-months employed in the statistical brar 
ge of 435 workers per month ; and in the field branch, 5000 with an av 

at three places 

portion of the sta 


in Calcutta, 


эге and Giridi 
res ы tiridih „өл Е 
espeetively. , the actual number of workers in. Mar 


y WORK IN BENGAL 

1 in its eighth year of progress in 1944-45. 
4,20.000 for carrying out а. 
al in 1944-45. In May 
1 discussions 


Ti Crore SURVE 
В ле sampl 
Ы e survey г 
Phe Governm : survey of crop acreage and outturn enterec 
ent of Be os А A 
f Bengal had originally sanctioned а consolida 


two 
se зз S; 
samolo survey of 
survey of the jute, «0% paddy, and aman ра 


ated grant of Rs. 
idy сгорз in Bong 
t for P. C. Mahalanobis, and after persona 
o on an enlarged scale for which the Government o 


first year (1944-45) and Rs. 6,00,000 in each of the 
nce to the staff engaged in this work 
1 was accepted by the 


1944, H. к 

decided ia pi M Casey, Governor of Bengal, sen 

Bengal agree БА а three year sample survey programm 
d to pay a lump grant of Rs. 7. 17, 000 in the 

y dearness allowa 

ice. The proposa 

ted by this time and the 


liately for giving 


two subsequent years Я 

years. Government also agreed to ра. 
Government serv 
had already been comple 
taken in hand imme 


aecording 

Instituto. to rates prevalent from time to time in 
jute-aus season 

Work was, however, 

yf 1944-45. 


i The pre 
field work al preparatory work of the 
" also В: 
effect to thi ё ^ ad made considerable progress. 
s enlarged s 
ged scheme from the aman paddy season с 
ed into zones each approximately 64 square 


о was divid 
nes was divided into 64 cells (of one 
In each cell во selected 4 grids of the 


; instance. 
ig an average density of 1.6 grid per Sq. mile 
d at random, and in 16 grids selected at 
the form of two inter- 
y differont 


Desi, " 

miles yn of the Surve т р 

niles in area I Survey : The whole provine 

. In the aman season each of these 70 sq. mile each in area) 


and o 
ut of tl 
лезе 26 M е 
6 cells wero selected at random in the fir 
thus securil 


Uniform si; 

for size of 2.25 acres were located at random» 
240 zones selecte 

as in previous years) in 

collected independently b 

o surveyed in 


arca e 
numerati 
at Й 
ion. Crop-cutting was done in 


rand 
om out 
of 104 in c 
in each zone. Tho survey уаз arranged ( 


репе 9 
rati 

ting net-works of gri | | 
савобаш f which the in rmation was 


Parties of 

5 of field investi 

duplicat d investigators. About 8% of the grids wer 
© by both Баев о ne 5 


e common to both net-works and wer 


Additional Assistant Secretary in the 
ing the field 


nent for conduct 
The field staff under 


316 field workers. 


Piel: " ee 
Agriculture Ани zation : Mr. №. C. Chakravarti, M.A., B.C 
eee under the часте whose part-time services had been lent by Governr 
m consisted on an i e, continued to be in charge of tho work throughout the year. 
average of 4 supervising officers, 16 chief inspectors. 64 inspectors and 
paddy was started in East Bengal districts 
the course of afew weeks. The bulk of the- 
completed by the end of August 1944, but 
started from the beginning of September 
4,000 grids had been surveyed in the 
veyed for & second time 
t first followed by & 


Progres: 

by the ко y Survey : The area survey of jute and aus 

area survey May 1944 and was extended to other districts in 

“ontiuued i; — aap oning work on jute and aus paddy was 

1944 and y n certain arcas till October 1944. The aman survey 
vas completed by the end of January 1945. A total of over 6 


jute. n 
з Seas А 

son, together with an additional batch of about 5.000 grids w. 
1,05,000 grids were surveyed а 


hich were sur 


durin, 
5 the » 
Second A harvest period. In the aman season about 
к vey during harvest of over 8000 grids 
Analysis 7 А - 
acreage and а q data: Tabulation of field records was arranged in such a way 85 (0 supp 
enabled progre n turn based on the material collected upto & fortnight previous to the date of. zapori 
ssive estimates being submitted to the Government every fortnigbt. 
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ly estimates of 
This 
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i <periments, various 
be mentioned here that along with the main area survey and crop-cutting RE e AA 
Pm i i hni f the sample survey. The total produc ^ 
igati ied out for improving the technique o ade à rcu adis 
7s руле i d di imated production of the indiv g 
ctly from the estimated p : 
for example, was estimated dire e 
Eae fiia i rell as different types of cutting ay 
: i t sizes and shapes of cuts as well as E uei 
veyed at harvest time. Different — рая 
ae d in crop-cutting work ; and experiments were also made to explore the possibilities of ray 
were use - ! ; —— a 
estimating of rates of yield. An account of the technical work will be given in scient e re ‹ n l Boso 
4 i 5 jov Г Bengal had arrang 
Alorg with the sample survey in 1944-45, the кый of Be К 1 
imultaneous "complete enumeration" of erops on all plots being carried out by mper 
‹ missioner wi isting of about 18,000 field workers “ 
Commissioner with the help of a large field.staff consisting of abo: nb Wt s шай gi Dé 
inspectors and supervising officers at a cost, it is understood, of nearly Rs. 50,00,000. T 
complete enumeration have not, however, been sent to the Institute so far. 


lt is not possible, therefore, 
to compare these results with those of the sample survey. 


ù 8 — Јо За 
At the request of the Government of Bengal, Prof. В. A. Fisher during his recent. visit ion His 
examined both the schemes, the one. for sample survey as well as that for complete enumera 
opinion is quoted below :— 


be 
“The sample survey of acreage as at present actually conducted in Bengal and Bihar could 
depended upon to give provine 
purposes.” 
Experience in the United States of Amer 
of Agricultural Economics it was found that ‘ 


ical 
эзе ч practica 
ial or district estimates with sufficient accuracy for all 1 


Peau 
іса corroborates this. In an investigation of the — 
in some items [including crop acreage} the samplo pen 
Was more accurate than the [Federal Agricultural] Census". (Гоша Research Bulletin No. 304, m. ane 
In a later report it is stated that U.S. Census figures “are not known within +5 per cent of the Shiite m 
also that in a sample survey “resulting accuracies... . will probably exceed that of the Census + 
Reasearch Bulletin No. 309, 1944, p. & p. 332). 

Preparatory work for 1945-46 d 


1 up 
early in 1945 and has made satisfactory 


cet 
‚ 3.46 я ; been take 
The preparatory work Гог the 1945-46 survey has bec 
progress, 


Онор Survey Work ix Вили 
Previous history + 


ы ilies 
As a result of discussions with His Excellency Mr. (now Sir) Francis ий 
then Governor of Bihar, me for the improvement of crop statisties in Bihar by eee 
An exploratory survey of rabi erops in two districts | workers 
completed on 13 April 1944. A large number of fick re sent 
tuited in Bihar were trained up bya contingent of about 80 experienced field workers who ser 
from Bengal to Bihar for this purpose, Prelim 


у report 
qox. я ‚ Ипа 
; inary reports were sent from time to time and the fi 
was submitted in November 1944, * 
Тһе work in the exploratory survey 


› was organized with such great succi 
up full seale provincial Surveys from the bhadoi season of 1944. The fic 
under the direct control of the Bihar Government, a 
tical work, for which a block grant of Rs, 20,000 pe 
June 1945. The bulk of the statistical wo 


Tk was done at Giridih. 
Work in 1944-45 : In the current financi 


i al year sample surveys covering the whole prov! 
carried out in three different seasons ; bhadoi, aghani, and rabi 1944.45 E 
was also undertaken in 3 districts, 

Design of the Survey : 
cells, each of approximately 


Id work in this own 5 
The Institute was responsible for the whole of 


n ө 
Hp P 
r month was sanctioned for the period Apri 


we 
; rop. 
pai C! 
; a survey of the carly mah 
In bhadoi and subsequent Surveys the whole 
50 square miles in area and roughly 
were classified according to the intensity level of the crops u 
suitable number of blocks of more or homogeneous 


ed inte 


е 
on tl io Ë 
pd ! " 
ader Survey and were group" в (oF 
d : less intensity, 

sample-units of size 4-acre each) were located at random in tho different | 
Ы H В : 

investigators. The whole work was arranged in the for, 


formation for each of which was collected independen a different party of investigators. 
grids were also surveyed in duplicate by both the parties and Supplied a check 0 : 
А ы SCK 78 
work. The total number of grids used in the three provincial surveys varied from about 65,000 to 7 “ted 
s А А 215 
Crop- cutting work on paddy, wheat, gram and masur was done in a Suitable number of randomly se аб 
а сар for 
льна of harvesting, This supplied mater ial yield 
mating the yield per acre of each crop as well as the total outturn directly from the joint area and ? 
survey 


province was divid 


Square in shape. In each seas 
и 


| grid: 
A suitable number of | by fiel 

rveyed = in- 
locks, and were survey yes in 


m of two interpen, tain 


Г sam} 
etrating net-works of 88 
tly by > 


ter 
пе} 

е 

n the accuracy ° 8 d 


grids in which the area survey was also repeated at t 
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Pislilorganisati 
ganiz : į ч T = 
of the field work 3 : Rai Bahadur S. P. Sinha, a senior Deputy Collector, was throughout in charge 
к. e n 7 b б =) 
Mitos сазо iie P ае rabi survey of 1943-44 a strong batch of Bengal field workers conducted the field 
aining to the newly reeruited Bihar workers. The Bihar workers were responsible for the 


entire field М 
work in n А — E к 
Ull the other surveys. Each field unit consisted of 4 investigators in charge of 1 inspector ; 
There were 64 field units with 16 chief inspectors, 


and 4 sı ^ 
such units wer 
nits were placed under one chief inspector. 
Besides this a number of investigators and 


64 i 
i Ye 
nspeetors and 256 inve 


tigators for the whole province. 


inspecto 
rs Were eng. ; Е 

ere engaged in special work. 
ts of Monghyr, Bhagalpur and 


first survey on & provincial 
started on 10 October 
l the middle of 


Progr 
gress of survey: T ; 
of survey: The early makai survey in portions of distrie 


Purnia was carried 
&'eürrio и 
ed out in May and June 1944. The bhadoi survey (which was the 
1944. The aghani survey 
and continued til 
January and was 


seale) start 
started on 3 July 
ed on 3 July 1944 and was completed on 6 October 


1944 
944 almost i a 
st imme dv ай : 

January 1945 — ly after the termination of the bhadoi survey 

^ TM CUN 13 was followe ; a rabi survey whi T i 

completed оп 10 April 1945 lowed by the rabi survey which started in the middle of 
E 045. 

tabulation of field data was arranged in such а way as 


to su 
supply ero N 
^ p esti as nt : ^ а 
stimates at intervals of from 10 to 15 days in the form of progressive reports. The prelimi- 


nary anal 

ж. ysis of the makai s E 

survey bas Ye makai survey was finished during the progress of the bhadoi survey - A report of bhadoi 
1944; eight progress reports on the aghani 

bmitted in March 


Statistical w 
i work : As in the Bengal scheme, 


: ad on fu i 
Survey were Il material was submitted early in November 
rt based on the full material was su 


1945; 
e rabi survey. 
and ousturn various special studies were 
p at Bikramganj during the rabi 
vey were made 


ana E кон time to time and a repo 
Special dias s reports 1 already been submitted on th 
made in all the s: Apart from the genera: 
isited a special study cam 

n cost and variance funetion for area sur 
“complete enumeration” of crops. In the aghani 
atting work 


1 survey of acreage 


Season of Mes Aud P. С. Mahalanobis v 

at Giridih; ка, i In the bhadoi season studies 0 

Season арам argo scale studies were undertaken on у 
„ial investigations on the technique of сгор-с\ 

was undertaken in the rabi season at Patna, 

placed under the charge of qualified 


fron 
1 cost c В r 
undertak cost and variance studies spec 
ken at CGiridi 3 tee 
Giridih, Gaya and Patna; similar work 


Gass 

ya and p 

Yrs usa. Wierer possi . 

nstituto wor 1enever possible such special study camps were 


kers with knowledge of statistical theor 
у scheme in 
ent of Bihar dee 
* of crops. 
ally carried out c 


were 


; that without any previous 
ided to terminato the sample survey scheme and 
As already noted, Prof. R. A. Fisher, 
luring the last 6 months in 
recision adequate for all practical purposes. 
ll-establisled patwari system, it is not 
immediate future by the 
leave à serious 


Decisi 
cision to termi А 
0 terminate the sample sur Bihar : We regret to report 


diseu, 


| mn with the 
Substitute in he Institute the Governm 


F.R.S 
Bihar 


its place a s ARS 
place a scheme of "complete enumeration 


express 
зе з nae 
the opinion that the sample survey a5 actu 


Ina could be s ge 
per imates with ар 
n wel 

be obtained in the 
тусу would, therefore, 
tuation as prevailed in Bengal 
e of various diseussions 


depende 
нан pended upon to supply стор est 
Ое ently se 3 
Considered li y settled area like Bihar, lacking 
ered like ^ р 
op acreage сап 
of the sample su 
dangerous si 


as it does 


mo ly t "c Е 

method of e i hat accurate estimates of er 

Sap in crop st 3 ete enumeration. Discontinuance 

in 1943. qi ss zi s, and may in a bad year lead t 
zu " P 

ten notes submitted to the Gove rÜment О 


Bd gone 
nfevenees ї 
ices аб New Delhi both Professors R. A. Fisher, F. R. 
scheme in Bihar. 


o the same 
f India and in the cours 
Strongly urged tl S. and P. C. Mahalanobis, F.R.S. have 
ec : 
8 ло continuance of the sample survey 
Poruration DATA ComMiTTER 
artment of Education, 


iat the request of the Dep 
As a 


In Marc 4 
апа чы * р. С. Mahalanobis went to Delli 
to discuss possibilities of estimating the growth of population in India in future. 
in their order No. p.2249-H(c)/44 dated 15 


of inf 
orma * = 
944, nal diseussions the Government of India i 
ine and advise the Government of India on the 


available 

$a" Mr. M. W. M. Yeats, 1.0.8., (Cons Commi- 
. Raja, and Professors K. B. Madhava and 

based at the Indian Statistical Institute 

The services of Prof. Madhava 

1 of the Institute by the 


Health 
тези, 


Ma 
VE 
consti “, 

astituted “a small expert committee to exam 


d "elati 
in Mem а us сом of populat ion" with 
О Mahalanobis Chairman, Sir Theodre Gregory, Dr. K. С. K. E 
мш a grant wend as members. The work of the Committee was 
Were ва ^ is 5 to Sus Institute was sanctioned for this purpose. 
nt of India oer E of Mysore and were placed at the disposa 
Ав а measure of ri — work. 
of retrenchment most of the 


5) had р 

been с ; 
for en eut down in 1941. Fortunately. Mr. 
Presepy, 


Secur, 


Goy 
Overnme 
of age- 


(including the preparation 
struc- 


) had issued iN 
This led to the 
rial, The 


census tabulation work 
Yeatts (as Census Commissioner, 
‘dual slip in each census area. 
he bulk of the original census mate 


fable 


ti 
Ons 
extracti 
їп " = V = аай 
g and preserving every fiftieth indivi 


ation 
of a two per cent sample (called Y-sample) for t 
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lips numbering about 7 millions were brought over to the Indian Statistical Institute and Ml 
ey ae 2 ical analysis was used to test the representativeness of the Y-sample and to ascertain is 
ше * pen be attained in reconstructing age and other tables from the Y-sample. Two interim 
| GM iens submitted to the Government of India on 11 September 1944 and 15 November 1:4 res- 
Mn and the final report is nearly ready. | те 

The results of the investigations are on the whole satisfactory. In many areas the Y samples be od 
practically as true random samples; incertain areas there were, however, significant differences betwe 
results based on complete counts and those based on the Y-sample. 


Such diserepancies (which might 
have arisen from the Y-sample not having been drawn in strict accordance with specifications) i 
however, invariably small in magnitude so that age and other tables reconstructed from the Y-samples wer | 
likely to be adequate for the preparation of life tables and population projections. It is expected that - 
seus of preparing age and life-tables and population projections would be started in the near future: 
Tf the present enterprise proves successful it will extend the scope of tho sampling method very greatly nd 
census work in future. A proposal for transferring to Hollerith cards the information on the available 
sample slips was submitted to the Government of India by the Institute in November 1944 and is under 
consideration, 


BENGAL DISTRESSED VILLAG 


Enquiry 1944-45 ТИР" 
This survey was taken up at the instance of the Government of Bengal with а view to ame 
the extent of damage done to rural economy by famine conditions in Bengal in 1943, and а block — 
Hs. 25,000 was sanctioned by Government for this purpose. The field survey was organized with the Nee 
collaboration and under the general control of Prof. K. P. Chattopadhyaya of the Anthropology pa t 
ment of the University of Calcutta. The field work started in June 1944 and continued till the end of Mart " 
1945. Information was collected by direct enquiry by investigators for about 16,000 families selected 2. 
random from 400 villages which were also picked up at random in 40 subdivisions. Provisional — | 
were submitted to the Government of Bengal in February 1945, aud other reports on subsequent ded 

4 survey was taken up in Jagaddal (Bhatpara) as a part of the present enquiry with a aw 
to making a comparative study regarding economie changes in rural and urban areas. The field work 7101 
started in December 1944 and was completed by 5 March 1945. Information was collected for ! 
families, and the analysis of the material is proceeding. 


ENQUIRY INTO тне I 
In November 1944 P.C, 
and, after discussing 


Economics AND STATISTICS OF Воль DEVELOPMENT 


А tment + 
| Mahalanobis went to Delhi at the request of the War Transport Dept 5 ‚сс 
with за engineers what could be done to investigate economie and statistical ы: 
of road dev os aig he submitted a scheme for an exploratory survey. In their order No. p.20 000 
5 January 1945, Gov ia (W , [qm ‘ H 

5 Januar | 4. 5. Goy ernment 85 India (War Transport Department) sanctioned a block grant of ya's 
to the Indian Statistical Institute for the purpose, and the period of loan of Prof. К. В. Madha 

services from the Mysore Government was extende: н ме 


d till the end of 1945 for this se ` 
Arrangements were made to conduct a prel НИИ SIRANI 


and by the end of March information was collected f. 


s or 18 villages, 
that the Government of India would appoint an E 


appointment had not how 


maf 
“һа 

eode а: P 

liminary enquiry in several places in Bengal а! lecide* 


1 E en t 3 
Tn the original scheme it had b¢ for this 
e 


quiry. Т ngineer whose services would be made availabl 
enquiry. 


tec 
-ent 
ever been made eyen by tl = which prev 
Л i ; y the en reh 1945, whic 
traffic census being completed in these areas, and hampored d d of March 1945 
SS. 
OTHER PROJECTS AND SPECIAL Exar IRES 
A large number of other projects and special enquiries were also taker лей 
Burdwan-Howrah-Hooghly Irriaatian Scheme Senn ups 


sart 

Crop-euttin 1 been © s 

Е 38. 5 g work on aman paddy Бас n term 
$ for six years (1938-39 to 1943-44) in this sc e j М ai) in 

out fe ) 8 scheme to assess and grade the different classes of soil bin’ 


of fertility as measured by rates of yield per acre of paddy. But after all this work had been done ^ ө 
in the Statistical Laboratory of records of soil classification revealed large Коо | 1 t is now ur. 
s in soil-classificatic 
experiments were ever conducted. This survey will have to соу 
scattered over the three districts Burdwan, Howrah and Hooghl 
17, P. Anthropometric survey : | 


ose! 


to check by direct re-survey and rectify the mistake А s ie гор:©\ 
‹ 2 cations of all plots in which €T i anlag 


s ох 
er about 70,000 plots iu 170 
y. » 


1 , В 
The work on the anthropometrica] material collected bY Dr. of 


. > ERE m 

Majumdar in 1941 for 23 castes in the United Provinces has been practicall leted. The ale id 
4 К e у com = 

Mahalanobis's D- square were calculated, and a systematic classification of as 1 been prepare 

a report is being got ready. m 
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Preparatio 
4 ion of roste к. 

Indis and Qm Nat es | сел of scientific and technical personnel : At the instance of the Government of 

roster gien ie жез юл of Sciences some preliminary work has been done on the preparation of a 

ла Lack. Ji echnical personnel in India on the lines of the roster prepared for U.K. by the Royal 
` ur thanks are due to Prof. A. V. Hil, F. R. S., Secretary. Royal Society for кыа 


us a eo 

e cod forms and cards used in the 
was continue e. ee : Statistical analy 

year with the help of à grant of Rs. 5,000 from the h Institute, Bengal. 

p. €. Mahalanobis submitted а written note, and also gave 
ission on 1944. At the request of the 
apita consumption of rice and other selected. food 
1 on information collected by sample 


U. К. roster. 
is of data relating 
River Researe 


to river physics, rainfall and flood 


Fami 
nine quir: у 
Inquiry € ommission : 


evider 
ice before 
e ore the Bengal Famine i ^ 
E amine Inquiry Comm 


13 September 


'ommissio 
d £ n the Tr 
items and al » Institute prepared several notes on per € 
x NO € ` ^ 3 
surveys. A gn e the number of deaths in Bengal in 1943 baset 
: rant of Rs. 2 ; gie 3 
Rs. 2.000 was received from the Commission for this purpose. 


The analysis of material relating to rural famili 
ketan has been completed at Giridih and a pape 


collected by the Visva- 
ron the 


Srinike 
bharati T Meis SUES R s 
nstitute of sae 
ame has | ite of Rural Reconstruction at Srini 
$ been prepared 


EOUS STATISTICAL ENQUIRIES 
aber of miscellaneous statistical enquir re attended to- 
ions of important item 

H Meteorological 2 
Total 60. 


Ceylo 


ies wel 
ns are shown below : 
; Sample Survey 2; 


MiscELLA 


Duri 
аи „ V. 

g the year under review, а nun 
nd administrative reg 


tional 8; Industrial 8 
Health 3; Other subjects 11: 
Bombay 2; С.Р. and Berar 1: 


as usual. Cp : 
By — by subjects ar 
conomie 7 я ia шө 2]; Educa 
By 1 1 . poaae ical 3; Vital and Publie 
: Assam 1; Bengal 22; Bihar 4; 


Рип 
wb l; Si т T 7 5 
jab 1 ; Sind 2 ; Travancore = + U.P. 8; Total 60. 


n1; Delhi 10 ; 


Socio-o 


Orissa 6 


ре scale sample 


RESEARCHES 
: (1) design of lar 
of hypothesis: 


ing main topies: 
: (4) testing 


distributions 
reports submitted during the 


"THEORETICAL 
e follow 
(3) sampling 
lished and 


Theoret} 
heoretical work was continued оп th 
eriments ; 
A list of pape 
given in Appen 
moir on 
f London in Oct 
sample 


survey 
and (5) cons 
year is — ruction of numerical tables. 

e Institute is 
B. G. Maha 
f the 
1 mappi! 


(2) desi 
2) desig: 

ign and analysis of ехр 

rs publ 


dix 1. 
ample Surveys" Was 


Further work 
properties of 


“Large Seale 8: 


kers associated with th 
ober 1944. 


Larg 

ge scale s 5 

Published ir scale sample surveys + lanobis's me 

X i ; ! 

15 proceedin н Philosophical Transactions © 

U € У 

random g on problems relating to zoning anf 
able sampling. 


Work on 


Royal Society o 
ng in the design of survey: 
een continued during 
h Bhattacharya and 
jal problems remaining 
Some new су lie solutions have been 
n demonstrated. A new line of 
he incomplete block design has 
ons under which Youden's 


experiments has b 


and 7 
non-random fields, and dou 
Nandi, Kailas Nat! 


Desi 
the de mà and analysis of experiments : 
Quazi M, —— Shanra Bose, C. Radhakrishna Rao, 
uns ss D ү в - 
Insolvegd in dios Elegant solutions were obtained for aome of 
construction of balanced incomplete block designs. 


given 
and tho i 
impossibili 
possibility of some of the combinatorial problems has bee! 
morphie solutions to t 


the design of 
Hari Kinkar 
the combinator 
re 


Stud. 
У as to 
8 to tl 2 
been opened 28 oo of the number of non: iso 
nd muc ; s 
much progress has been made. А rigorous proof as to the conditi 
been advanced. Astudy has been made as to the inequality 
eneral incomplete block 


block ete. for а 8 


squ 
ares exi 
S exis: 
tand can be constructed has 
the inter-bloc 


relati 

ions c 

„98 connecti 

design, о л the number of blocks, treatments, 
her work has been done on the linear hy 


plots per 
pothesis leading to k and intra-block 


ов, develop: 


езү 
mation i 
n à 
Saracen incomplete block desig. 
ing distributi | | | 
g distributions : Samarendra Nath Roy continued his earlier work on the p-statisti 
ed to have the same dispersion matrix) 
some sort of scale. 


ing m 
nethods by whi 
by which k multivariate normal populations (вирроѕ 
ified by ordering them against 
does & numb 


ifferiy 
ng in ; 
tho set of mean values could be suitably classi 
blem involving aS it 
tral limit 


di 
Accoun 
t was tak 
соп of the essentially vectorial nature of the pro 
study of the order of approximation of 


er of 
the cen 


Chara 

eter: 5 

theorem s. Manindra Nath Ghose made some 
Testi " 

mature 1 of hypothesis : Study of (1) the problem of testing composite nypoth 

during КАЯ usual tests in analysis of variance, De, ete, and (3) their optimum properties, 
с year by 8. М. Roy, М. №. Ghose and H. K- Nandi: 1l results have 

onstructii 
: statistic . uction of tables and other problems : The constr! 
“Aleulated has been completed for different values of the parameters? th 
- A general study of the limiting forms of the statistical distributions 


(2) the exact 
taken up 


esis, 


uction of 5% 
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i r has been 
i J ith a table for different levels of error 

d a suitable curve along wi | | i 1 
to normal) has been 5 of Bessel function (I, and Ii) has been studied for large — d. 
[S cen ao m P CUM on the unbiassed partitioning of tail ends is being continued by Pur 

т W. 

argument. Furthe 
Kumar Bose. 


SaNKHYA : THE INDIAN JOURNAL OF STATISTICS 


er t 

Ее f Бапкһуй was delayed by the promulgation of the Paper Control Order by ihe ———— 

Суны ә 1944 which required the number of pages of every journal being reduced by 70. ite 

5 ti Tu made by the Honorary Secretary, special sanction has, however, been given e е 

€ Ite relaxing the above limit to а considerable extent, Publication was also Мирне ud 

cree of paper, lack of printing facilities, and other difficultios most of which have € . — by 
it is expected that Vol. 7, part 1 would be published at an early date and would be soon 

other issues. 


Sankhya : Receipts & Payments Account for the Year ending 31st March 1945. 


RECEIPTS PAYMENTS 


To Opening Balance .. 


89 6 0 
Ву Press Bills & Paper ete. 1,969 
Cash in hand .. 2 5 6 " Closing Balance 
Cash at Bank 390 15 6 393 5 0 Cash in hand 
— Cash in bank 2.032 13 0 
^ Subscription ju 225 1,358 14 0 ый 
Grant from the Govt. of India 2,000 0 0 
" Rockefeller Foundation Grant 350 0 0 — 
4,002 3 0 


ы 3 0 
4.002 9 — 


ее d ĩᷣͤ у _ _ C2 


TRAINING AND EXAMINATIONS IN STATISTICS 
Although two other centres of training 
viz. the four-year old post-graduate 
recently opened honours degree course in 
number of applications for admission to 
only II because of our limited сарае! 
granted three scholarships and tho Oris: irma 
training in the Institute, The training section was in charge of Birendra Nath Ghose assisted БУ SH 
Kumar Chakravarty, but almost all the senior workers of the Institute took part in teaching. 
Besides regular students, a large number of officers from various ir 
for consultation ; and the heavy burden of supervising 
whom Purnendu Kumar Bose d. 


eserves special mention, 
Computers’ train nj : А short co 
Computer's Certificate examination was gi 


1944 under the supervision of 


in statisties аге now funetioning т di. 
department of Statisties of the Caleutta University ge rge 
statisties in the Presidency College, Calcutta, we received а ме 
the training section of the Institute. We, however, could ?! vent 
у for arranging practical work. ‘This year the Bihar бавен 
sa Government ono to students nominated by them for ibd 


tuto 


sti 
Ses je Ins 
nstitutions came to tl ng 


; ame 
" ; sorkors @ 
this work was borne hy senior work 


urse of training 
ven in С 
Jitendra Mohan Ser 
Institute Examinations in Statistics : This year Computer's Certifieate examinations were 
once in July 1944 at Giridih and again in Jan к, 


Көр чагу 1945 both in Caleutta and Giridih, A large num 
candidates appeared in different sections of the Com 


+ ; sat 
Е пареа puter's Certificato examination while only one 
the Statistic-an’s Diploma. Out of a total of 9 i 


cessful, The Board of * 
Madhava, Dr. C. Chandra Sekar Messrs. R. © 
S. N. Roy, М. T. Mathew and J. M. Sengupta, ndra Sekar, and Mes 

/ 


"TL 


for helping the workers who appear ober 


s Oc 
aleutta in the months of August, September and 


п Gupta and Sam:bhu Nath Halder, held 


bor ? 


ARRANGEMENTS IN THE STATISTICAL LABORATORY 
As noted earlier, the Statistical Laboratory h: 


salk J deo Ga 
Ba ranagore and Giridih. In Calcutta itself work was ce are — EE 
Hindu School, 210 Cornwallis Street, and a room in th 

Giridih several times during the year, and other work 
to postal delays and difficulties of communication агг; 
being carried between Caleutta and Giridih by 


А „© 

arried on at 4 places—in the Presidency ai t 
А * 

е Albert Institute, The Honorary Secretary wink 


ers were also sent there from time to time: 
angements had to 


special messengers, 
A thorough reorganization was made of all Institute 


$ e 
Posts in a number of graded scales with 
from August 1944. 
Number of workers : The number of workers emplo 
of piece-rate workers 140 on | April 1944. During the SE 


prec! 


er 
num 
ved on a monthly basis was 179 and the ere 


8 
„теп 
ar under review 178 new appoint™ 
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made on 
а monthly basis 296 i 
3 sis and 296 as piece-rate workers, while 78 on monthly basis and 189 piece-rate 


Workers left 
s left the Labor: x 

aboratory, so that on 31 March 1945 the year closed with 279 workers on а monthly 
workers in all. The average strength of 


basis a Шил з 

— tease e workers with a total strength of 

E. Жерде d. 2s 13 4 Boninegoto and 178 at Giridih during 

^ anindra Nath lass $ 4 E ra Mohan Sen Gupta, С. Radhakrishna Rao, Nirmal Kumar Chakravarty, 

Calcutta and Х.Т ман а Ls ade Ramkrishna Mukherjee and Mrs. Chameli Bose worked mostly in 
ide ew, К.С Cheriyan and Monimohan Mukherjee mostly at Giridih. Raj Chandra Bose, 


Samar 
endra Natl 
Nuth Roy, Birendr Y 
lecture оу. Birendranath Ghose, Purnendu Kumar Bose and Hari Kinkar Nandi, whole-time 
cipated in the activities 


of the 
aluqdar and Sambhu 
Sunith 


the year under review. 


rs either in 
the Cale Jniversi : О 
cutta University or in the Presideney College, Calcutta, parti 
section, Jitendra Nath Т 


Instit 
stitute as part-ti 

s part-time workers. In the computing 
Shyamsundar Bose, 


Nath Halder assi 

Krishna assisted by Arun Kumar Ganguly, Suresh Chandra Sarkhel, 

H üribhaja of the work at Baranagore and Caleutta while 
Rajen Roy and others looked after the comput- 

Heramba Chandra Ghosal, Subodh 

Susanta Ranjan Guha, 

Chandra 


‘upta and Nir 
in Che =: Nirmal Banerjee were in general charge 
»udhury assi Н 
агу assisted by Dhirendra Nath Sarkar, 


ing we 
wk at Giridi 
ziridih. = 
Among old workers Sudhir I&umar Banerjee, 
h Chandra Mukerjee, 


Che 
"dra D 
as Gu A 
pta, Jibananda Saha, Jaladhar Sarma, Nares! 
Dutta, Sukumar Hazra, Purna 


таушы 
Adak, Sarat С 
k, Sarat Chandra Mitra, Probhat Sinha, Debabrata 


G 
Baranagore and Giridih. 
Scheme the part-time services of Nihar Chandra 


Government of Bengal, Department of Agricul- 
He worked as Supervisor of the Field Branch assisted by 
Pranay Kumar Chatterjee and Saroj Kumar Chakravorty. 

University were made available to the Institute by 
hare of the superior administrative responsibility 
ffering from an attack of 
r under review. 


hose 1 

* looko 5 

5 various sections in Calcutta. 
ield branch of the Bengal Crop Survey 


Chak 
sravarti, В 
a BA ; 
Additional Assistant Secretary to the 


ture 

> Were 

А made А 
Dhiron, le ау 


lra Mohan G lable to the Institute. 
ip Wel Ganguly, Santipriya Bose, 
Jovernment MP е 8 K. B. Madhava of Mysore 
Specially during ndia from June 1944. He took a large $ 
*Ppendieitis. E pen P. C. Mahalanobis was su 

Bursars during the yea 
he services of Dr. D. N. 


the c 


de nm June-August 1944 w 
Mai Our best . Chakravarti and H. C. Ghosh actet 
"lumdar fr the University 
Institute for organizir 


1 as part-time 
А thanks are due to of Lucknow for placing t 
т Bengal, A February 1945 at the disposal of the ng an anthropometric survey 
than 6 years 8. Raja Rao left us in September 
Statistical Officer. Nimai Charan Ghose, 
t. of Central Excise, Calcutta. 
of statistics in the Dacca 


y of service 


Cha 
nges in s " 
staff : After a long connection of more 


to joi 
Who wag ea ФВ -ublie Works Department, Sind, Karachi as 
Manindra N us for more than 4 years, left us in 1944 to join the Dep 
y ү а temporary of lecturer 
1945 on the expir, 


nive 
Sen came 
Anil Kumar Gayon 


1944 


June 
hose who had left to join post 
back in March 


rsity rejoi 
ined us i 
Joined us in January, 1944. Miss Bina 


aS ter 

Nporary 

оо; y lectur R e 

над 5 EM turer of mathematies in. the Lady Brabourne College, Caleutta. 

loge, 1 December 1944 at the termination of his services as temporary lecturer in the Presidency 
Department of the Calcutta University who 


ts of the Statistics 
following have 
Durgadas Bose, 


itute in various capacities: 


Cale 
ook the cutta, Among the studen 
and Prafulla 


ir М.А. o; 
A. or M. Se. degree i 
Kumar LSe. degree in 1944, the 


joined the Inst 


това 
Premranjan Sengupta 


K 5 

umar Banerjee, T. 

nar Bhowmik erjee, Tarapada Choudhury. 
rkers employed on 

P. Sen at 


0/А Upper 


of 27 women wo 


erage 
ion of Mrs. 


wW 
the p; omen’s Section i 
210 piece. rates Section in бениат. Onesoction with en nV 
- " ч Sys А 
0/6 Cornwall stem of payment was run throughout the year under the supervis 
is Str = 
treet, and a second section in charge of Mrs. Па Sinha was opened at 18 


Cirey 
Чар 
ar Road in February 1945 


AT BARANAGORE 
on at Calcutta, а large portion of th 


constructed to aceommod 
161 at the en 


e statistical staff 


ate the workers 
d of March 
p Survey 
nch had 
n club 


Brancu LABORATORY 


As ай 
саду s н 
dy stated, owing to limited accommodati 


Wag hoy 
ing has been 


asec 
‘ho number ны E storied build 
Wo oe Араа 185 18 inareasing steadily ; the total number of workers was ` 
0 dis being di е office with a library section has been organized there. The bulk of the Bengal Cro 
15 run 3 W one at Barangore together with portions of other project work. The Berensgor? Bre у 
T ое, ч SOS near the office. A medical welfare scheme was started їп February 1945 and а tiffi 
ом in March 1945. 
wi "mapa «зс : Since April 1942 the Institute has been іт 
285 at 87 Barrackpur Trunk Road belonging to the Honorary 


here y 
vas urgent need of additional accommodati It was, therefore, an 
r which not ification 1 Acquisition 
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1 occupation, 
Secretary. 0 


D 


wing to € 


on: was issued on the 


Acres c 
under the Land 


and tape f 
Ч adjoining ‘Amrapali’, fo 
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«quisi 
i E . The cost of acq Р 
lit is hoped that possession would be obtained at an early dat« iroctor's Contribution 
7 5 [s | qw 
llth January Jue. pans advance, with the consent of P. C. Mahalanobis, from the Direc 
^ t by i 
tion would be me 
Fund. BRANCH LABORATORY АТ GIRIDIH 


А neasure- 

tiridih Branch of the Indian Statistical Institute had started mainly as = — s 1 N 

2 е nn Bihar Crop Survey scheme at the end of 1943 there was rapid expansio than 210 in 

9n m c mme à The strength of staff increased from about 116 in April 1004 tomor Noveml 
md кс? x. T. Mathew, Superintending Statistician, was in charge of the branch up to? 

1 Moni Mohan Mukherjee, offg. Statistician, during the 


ber 


ini ri ü ` year. 
emaining part of the 3 
н A one at 


jns d 
> " * Survey scheme was © к 
Project and research work: The bulk of the work in the Bihar € rop Survey sehe к Rural 


Giridih. Analysis of material collected in the Bengal Labour F 
Survey 1937 and data relating to blood pressure proceeded s 
workers at Giridih conducted two independent loc. 
А family budget enquiry for worke 


я : 42, Sriniketar К 
Enquiry during 1940-42, Laboratory 


f living- 


'"stematically throughout the year. * 
i ility оз 
relating to family fertility and « 


al egui ies 
rs’ families is in progress. 
Training section : Two training course 


Kum т” 
" TM two exa 
3 for computers were organized at Giridih and 
tions for Computer's Certificates ҷу 


“jew. 
oars 8 car under revie 
ere held by the Institute at Giridih during the year unc f the 
Women's section : 


; 1 0 
wn е * beginning mos 
Work in this section proceeded satisfactorily. In the beginning 
workers preferred part-time 


work, but gradually many of them became full-time workers. 
Workers’ Club: A social and recreational club was or, 


vas 
ganized by the workers, and М 
successfully for about a year. 


1а 
Е ; the Club ; ane 
A manuscript magazine called ‘Mahua is conducted by the Clu 
Exhibition was held under its 


ud 
И eere held in + 
auspices in June 1944. 'The annual sports of the Club were h 
1945; and there were a number of other functions and activities. 
Medical welfare scheme : In December 1944 the 
Scheme with a monthly contril 
Nirmal Kumar Das, М.В. to att 


Honorary Secretary started а medical 
bution of four annas from each worker, 
end daily at the Institute 
mination, Consultations at 


Arrangements were үш 
and to examine each worker thoroughly 

the Institute are entirely free ; visits : [8] anne? 
ог any member of his family are charged for at the nominal pan 
ed successful in every way and is highly appreciated by the workers: 
Tiffin Club ; The Tiffin Club wł 
persons at a small cost, It is mana 
the Institute. 


residenec to attend the worker 


tich was started in Fi 


to about : 
ged entirely by the 


ebruary 1945 supplies daily tiffin 


лчу 
8 subs 
receives А 
workers of the Laboratory, and. recei 


„jng 
lur? 
5 ato А ziriclil cd 
Puja Camp at Giridih + As in previous years the Honorary Secretary stayed at hire M 
October 1944 with a large contingent of Calcutta Workers, A number of lectures and symposia V urve” 
at that time, The Honorary Secretary and R. C. 


i angis B 
Bose spoke on problems relating to S% ; 
and C. R. Rao on Markoff’s 


theorem on 
met all workers on two occasions to discuss 
He also entertained all workers on 


23 October 1944 on 
Mahalanobis. 


Se ih- 
; : А ra rary ги! 
linear. estimation for several days. ‘The Hone Git 


ork at UU pe 
ways and means for general improvement of be^ are i 
irth-da) 
the occasion of the birt 
Mr. S. N. Roy, I. C. S., F 


inaneial 
of the Council and Finance 


Adviser to 


е Committee of the Insti 
and inspected the work with interest, 


visited the Laboratory in the same 


om 

da" ot 
il Supplies, Bengal. F скоро? ыо 
visited the Giridih Laboratory du 
Il Rajgharia, Vice-President of the 


the Department of Civ 
tute, 
Mr. Chandmu 
month, dation 
; ; zomme' gnt 
Accommodation and construction work : With the expansion of work, lack of ace á 
3 к Work, * 
became an acute problem. At the end of the yeart 


T > 
; hou? пре 
"m аз Je 
he Institute жаз Paying Rs. 705 per month 9" 
The available floor spac equate ; 


ds in 
i and extensions to buildings already 


. ven“ nis 
he work was completed during the nd adi? 4 


stitute · 


e was, however, quite inadı 


tion of the Institute were undertaken and a good part of + 


Land Acquisition : The Government of 
the premises in the occupation of the Institute 


and enquiries by the Land Aequisition C 


Bihar had agreed to 
at Giridih 3 
ollector were als 


acquire certain pieces oct in Mes was 
notification was issued according i actio” jo? 
о held in June and July. No furth const 045" 
however, apparently taken by the Bihar Government fora long time and finally without any jare” 

with the Institutə the notification itself was cancelled, and we Wil infemesd accordingly in whi” 
We had purchased a large quantity of building materials including cement and iron, permits : 
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for theconstruction of buildings on lands proposed to be acquired 


obtained 
tu r 

rough the Government of Bihar, 
to be caused by the termination of the 


and a gre 
eat do: loss z 
eal of loss, due to deterioration of cement etc., is likely 


and acquisiti 
Juisition. proi i 

ceedings. 

projects of the Government of India and 


utta in the near future it will be nece- 
Attempts are, therefore, being 


Owing to i 
o ineronso * Р А = 
ета = increase of work in connexion with various new 
difficulties in s . 
ilties in securing necessary accommodation in Cale 


Ssary 


to mai i 
antai we staff ap " 
n а large staff at Giridih for some considerable time. 


made te 
э secure ini 
e additional accommodation at Giridib 


SUMMER VACATION САМР АТ KALIMPONG 
was set up at. Kalimpong for about 2 months during the 


As i 
Summer isis ES —— 
Jitendra Malam E TORY and was attended among others by Rajehandra Bose, Samarendranath Roy, 
Sarkar, and dew Sup C. Radhakrishna Rao, Hari Kinkar Nandi, 5. Janardan Poti, Dhirendranath 
Section was or, — Sen Gupta : P. С. Mahalanobis was also there for some time. А small computing 
ganized with men from Calcutta and local recruits, and considerable progress was made 


both i 

у th а 
eoreticg 
oretieal and applied topics. 


STATISTICAL LIBRARY 
ed at Giridih in accordance with the general 


The е 
: у main stock of 
ev. stoe ; А me 
Vacuation poli tock of the Library continued to be maintain 
- ley, an " men " `, 
Periods, А d books requisitioned from Caleutta and Baranagore were sent on loan for specified 
Cate 
dogue i T 8 
£ : The classification of books and the preparation of the classified catalogue with author 


and title 
ted to be completed in the course of the next few months. 


index 
made good progress and is expec’ 
Government of India, 


ences from Controller of Imports 
n America and U.K. 


books direetly fror 
The total number of volumes 
ifts; and the total number at 
has been 


New! 
чаа The Libary obtained import lie a 
gn agents in New York and London for importing 
in this way part ially overcome. 
8 of which 21 were received as £ 
Although exchange of publications with Sankhya 
Is and 22 annuals. 


and ap 
Diffi 
ifficulties in 


added 
to the 
ане he 1 


НО Жаке 
Procuring foreign books were 


Abrary ; ig 
ibrary during the year was 85 


end of the 


Seri Wear was 
Seriously affecte ar was abour 25,000 volume: 


ed by the war, the Library received 174 periodica 
tta by the workers © 
year, Since 
from 8 A.M. to 8 Р.М. on all 
during the year was * day iss 
12231 in 1942-43). Giridih 
es issued being 1127 


y the Laboratory, the Caleutta 


December 1944 а provi- 
week 


Issi 
Pus “ие of U ЖА т я 
\ niversity а 4 hooks : ‘The use of the Library at Caleu 
А у and Pres à 
Sional sche Presidency College inereased very much during the 
Seheme ч 
eferenee 


The number of vo! 


Library service 
lumes issued 


3915 in 1943-44 anc 
total number of volum 


125 adopted to extend the К 
› x 
Р.М. to 5 Р.М. on Sundays. 


» Overnight 27 
and ight 2719, loan 14 zi 
Bar 435, with a tota 


and 25 
1 254 respectively 


days 

and fr 
5756 from 
lof 9910 (as against 


Nagore secti 
sections of the library were used much less, the 
chnical literature in 


y (of general and non-te 
aleutta and Barana- 


+ Circ ; Р 

English Be wating Library : ‘The workers’ circulating librar 
‚ Bor 

Бото З ed at Giridih in 194 


2 and was extended to C 
al subseription and the Institute made à 
The Institute also made an additional 
hat the end of the year was 1891. 
ments were made to 


Ns ber be amount raised а: 
were Cie т of books and magazines the total 

d roughly in equal proportions a 
This service was Very 
Baranagore respec 


t the three places and arrange 
popular and the total number of issues 


tively. 


inten 


‘chan, 
ge t Е 
Were he books at regular intervals. 


2624 « 
24, 3029 212 Я 
) and 2132 at Giridib, Caleutta and 


As us Vistrors 
sual a large number of distinguished visotors came to the Institute. His Excellency the Rt. 
1, visited the Statistical 


Mr. С. 
eo C.H.. D.S.O., M.C., Governor of Benga! 
ank of m d AIRE other visitors mention may be made of Sir C. D. Deshmukh (Govern : v 
ugh Hood 7 RAS I. C. S., (Secretary, Agriculture Departent, Bengal), Mr. L. K. Elmhirst, Se 
ister of ud Adviser to the Governor of Madras), Hon'ble Khan Bahadur 5. Muazzamuddin Hossain 
R. A. F.) Agriculture, Bengal), Col. Е. T. Jones, Wing Commanders Kendrew, Vermon and Barkla 
(Cominissi Major Clarke (A. E. C.) Seth Kasturbhai Lalbhai (Ahmedabad), Mr. O. M. Martin, I. C. 8. 
P Vermont f Postwar Reconstruction, Bengal), Mr. б. M. McKelvie (Consulting Enginneer 1 bg 
ераъь о, of India), Sir Cyril Norwood, Mr. S. H. Y. Oulsnam (Jt. Secy. to the Government Ors пата, 
т nt of Education, Health and Lands), Dr. к. С. К. E., Raja, Sir Archibald Rowlands (Finance 


ember 
> Government of India). 


Laboratory at Calcutta 


Hon "ble 
Reserve 


on 13 Ju 
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siddiai (Osmania 
T ncs ia), Dr. М.Н. Siddiqi (Os 
i «i zi Communications, Government of India), Valker 
a Gupta (Financial Adviser, з EN. Mf. Y 
Mme. “т ad Tattersall (Scientific Adviser, M.G.O.), Squadron Leader J.W. у 8 es mmittee)- 
ea + Jy Bengali and Mr. M. W. М. Yeatts, I. C. S. (Chairman, Population Data Co 
(Finance есгеј ary, 


PROFESSOR R. A. FISHER'S VISIT 

We had the great pleasure of having with us for a short ой this Seat Prof. В. — cole isl 
Balfour Professor in the University of Cambridge. Arrangements id lus sim were be 6 td ге 
Institute and the British Council to which our best thanks are due for its * ндн 115 
He arrived in Calcutta on 24 January and stayed here till 24 February 1945. During ien of ашп 
delivered a course of six lectures on Genetics in the Institute and conducted a large — ee at ifie 
meetings on statistical research which were attended by workers of the Institute an j 
organizations in Calcutta. 


sher, F.R.S» 
the 


E sann- 
ч ; * ү ali ` Barat 
Prof. Fisher's 56th birthday was celebrated by the workers of the Institute ат ‘Ангаре 


gore on 24 February 1945 and the function was attended by a large number of friends. 


He visited the Cinchona Plantation at Mungpoo, and the 
in Bengal, and on 24 February 


А bans 
А " ndar 
char and forest areas in the SU 


ЧОНЫШ 
. обе тва isang 
left for Delhi, where he halted fora fortnight and left for Unite 


zns with 
isceussions 
by airon 11 March. In both Caleutta and Delhi he had a large number of consultations and discuss 
officials and representatives of various departments of Government. visi 
Prof. Fisher had visited India in 1938 at the 


А та + first 
invitation of the Institute. Like the а 


the second visit also was of great help to the Institute and its workers as it gave them ап ор 


cing lis 
A j a5) А s муў s by giviné 
having his opinion and stimulating criticisms on schemes of research, He also helped us D3 
advice about administrative aspects of statistical work, 
Local. BRANCHES or THE INSTITUTE | and short 
Up to the time of going to the press reports of the following branches have been receive! 
Summaries of their activities are given below : h and Mr. 
Poona (Deccan) Branch : Prof. V. G. Kale continued to be the Chairman of the perm tatistie? 
d А ы "the 58 5 
N. V. Sovani, the local Secretary, Prof. N. V, Kanitkar delivered an interest ing lecture on “th — 945. 
Р " uar) и 
lay-out of field experiments under dry farm conditions in the Bombay Deccan“ on 17 py city 
Prof, Gadgil and Mr. Sovani were engaged on the report of the socio-economic survey Of Ive. 
during the year under review, "The number of liſe- members during the year continued to be к музо! 
" и ` 5 of Te My LL 
Mysore Branch ; Early in June 1944 the services of Prof. К В. Madhava, Secretary О! i „deputes 
Branch, wer ^ ч - 3 е ia whe 
an , dn 5 by the Mysore Government at the disposal of the Government of Indi шде” 
iim to work in the Statisti "S к p c 
M th ti iti pci о, Caleutta, In consequence of his transfer and othe led 
-lysore the activities of the Му к А Зава i М suspendec: Я 
Узоге Branch of the Indian Statistical Institute remained suspe! ant rof 
U. P. (Lucknow ; : resident ё ith 
(Luck ; w) Branch During the session 1944-45 Mr. J. C. Mehta was the presidi gan “8 
Radhakamal Mukherjee the Secretary of the br in connes „ane 
ш We 4 М € branch, Analysis of the data collected in year 
the standard of living and social conditions of the middle class i Luck б was taken up during the ? 
has been nearly completed, Se eae зов аце i 
а еп 
Delhi Branch : There wi ro li ‚ Jocal ™ уп 8 
z z Were two life membrs, twelve ordinary members and forty ! pee? 
No proper meeting could be held this year 3 


Persons who h 
etings announced to be 
resident for the year 


busy with their official work that me 


eak ha th pow 
Sir T. E. Gregory was elected as the Р: 


«aii 
Меке! 
Шш sereta! 


ad provisionally agreed to вр 
held had to be cancelled at the е 
1945-46 апа Mr. G. В. Seth, 9? 


у, 


А MISCELLANEOUS pr nap 

Honours course in Statistics in the Presidency College, Cal initiative of zt ios was 
A. K. Chanda and with the active collaboration of the fuii а яде B5 stable t ral 
opened, ſor the first time in India, in | 


tute an honours degree course in 
Y College, Calcutta, in July 1944. ral 4 
] is dass eng zn gener n 
Mahalanobis 9n the role of Statistics in É affairs in ВОЙ" зе M 


The inae p. 
address was gtven by P. С, 


Madhava worked as the Head 


$ ry 
‘partment in an honor, " г "um Nath at? 
Purnendu Kumar Bose as professor and lecturer respectively аш ^ 5 * о" as 18 А 
is а d Sunith Krishn: 
assistant. Out of a large number of applications 12 Students were 8. lected for admission. tmen 2: 
Selectec 88 Й 
Post-Graduate Department of Statistics ; Our collaboration wi l par ebe, 
V ap Gr. 
Statistics continued as before for the fourth year. P. C. M: n with the Post-Gra. 12 8 th qh? 
+ Mahalanobis was the Honorary Hea азм в 
ment throughout the year; R. C. Bose апа S. N, Roy worke iai ü : акак Nan Мә pi? 
time assistant lecturer, C. Radhakrishna Rao, Nirm ecturers, Hari А 


ч n! 
al Chakravorty as part-time Lecturers, 4 
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urers in the department. K. B. Madhava, 


Nath G 
th Ghose C. pu е Т, 

os and К. С. Cheriyan, as part-time assistant lect 
Bose worked as part-time lecturers in an 


Birendra N 
ra Nath Ghose, Purnendu Kumar Bose and Mrs. C. 


honorar 
y capacity. 
examinations in Statisties held in August 1944, 


Eleven s 
leven students appeared for the М.А. and M.Sc. 
andidates joined. the Laboratory in various 


out of who i 
mn eig жа вет 
capacities, eight were successful. Most of the successful e 
Training i . А 
examination of ^ in letuarial Statisties + ‘The Institute of Actuaries, London, having announced that the 
у " : " 

lat Institute which had been suspended during the war would be resumed, war condition 
Statistical Institute could undertake to give 
e in Calcutta to 
There 


permitti i 
ng, in 1045 E 
lectures for iet 945, there were inquiries whether the Indian 
actuarial 5 mts 
arial students. Advantage was taken of Prof. K. B. Madhava's presenci 
1944 under the auspices of the Institute. 


arrange 
ge a course of 5 

e of 50 lectures between August and December 
rminated in December 1944 there were 


was eg Я 
эпхі ога Р" * 
le enthusiasm to begin with, but when the course te 


only 5 
у 5 or 6 5 
students who had attended regularly. 


tration Committ P.C. Mahalanobis gave evidence before the Bengal Adminis- 
00 "m as Е P 

Members, Sir H eke statistical matters. Sir Archibald Rowlands, Chairman of the Committee, and two 

[| . Wood, LC.S. and Mr. В. L. Walker, I. C. S. spent one whole afternoon in the Statistical 


and other projects. 

Bengal, а memorandum prepared by K.B. Madhava 
ite on certain statisical and actuarial 
f Bengal. giving estimates of the 
nsion charges 


Be T 
engal Administration Committee : 


s borat 
ory examini 
У examining the erop survey scheme 


At the request of the Administration Committee, 
Indian Statistical Institu 
services of the Government о 
t salary, costs and ultimate pe 


and p, с 
C. M. á 
lahalinobis was submitted by the 


Matters relati 
— to oe to reeruitmont to secretarial 
h grade of service, eurren 

ecrementary ratios. 
attached to the Finance Department, was started 
p. C. Mahalanobis аз part-time Statistical 
es of the 


ed, but the work was done by the part-time servie 
rical work and Rs. 300 for technical help һай been 
с Bureau are primarily advisory in character, e£ 
ad the classification, tabulation 


for endres t annually recruited to сае 
s of differ ; 

different strength subjected to varying d 

] Bureau, 


Bey "ү 
gal Statistical Bureau : А Statistica 
with 


by the ( 
January 1945, 


fovernme г ч - 
Adviser ent of Bengal from 15 + 


No 
№ ‘ti T . 
hole-time staff was appoint 


Institute 
25 for cle 


Бїт. & " 
staff, for which a grant of Rs 


ant functions of th 


sanetiono 
and analys ee advice regarding the collection of primary statistics, аг 
+ statistical material, and their publication. 
was awarded by the University of Oxford 


Prize 


of the Royal Society of London m March 1945. 


The Weldon Memorial 


Арес ан 
ppreciation from abroad : 
ted а Fellow 


top 
“С.м 
ahalanobis in 1944, and he was elec 


ACCOUNTS 
Accountants. 


26 April, 


AUDITED 
lited by Messrs Р.С. 
Committee on 25 
pril 1945. 


The : А 
' nee Э + „ 0. Charter 
The Bud = counts of the Institute were aue . Nandi & Co., Chartered 
BEN BRC Finance April and the Council on 


© "ет я 
ANd Were unts were considered by the 
Id on 26 А 


га from Prof. and Mrs. P.C. 


аа 
opted at tho Annual General Meeting he 
receives 
services of P. C. 


nsisting of donations 


The Dir Е 
Director's Contribution Fund (cor 


M: 
ahala 
tanobis к vies 
Маһ, and contributions received from various sources in lien of the honorary 
uL n © " + 
n connexion with project work) was separated as & special fund last year. During the financial 
f Bengal as & contribution for the honorary 


rnment o 
e Government of Bihar 


v 
Year inde 
ent of 


Services e Ti. Rs. 15,000 was received from the Gove! 
9r the Bibar . Mahalanobis in the Bengal crop survey scheme, 

т crop survey scheme, and Rs. 1,750 from the Population Data Committee (Governm 

ks to the donors. 


ndia) р 

‘or tho statisti 

Mount in 09 ныгы work of the Committee, for which we offer our than 
his fund at the end of the year was Rs. 71,715-11-9. 


Rs. 15,000 from thi 


The total 


227 


a E. 
= up oz 
— Siebe D b 
4 ri 
gr — npny id ui: 
dong Le D 
2: ли ы s 
"S — Dv peuran 
ol' . POULT _ \ 
e —— 
€ орок 
„ are 
N 0 © сүү * 
G L gae ч yad 
ect'oo У yi LLN Еу 
= € [Ts 2 p EY 1 * IID ee эч, 
= — А sv GORE SONG 
2 l es m 3 asg & 
— 0 61161, E inis lug иво es Я 
— ( e SIL su. S91) о = 
a * ee as — — i Е И 
2 4 $906 Я Ut yn! A эчәр 
E 0 НЕЕ ШЫГ а vet ма 
* AC 
© 9 10875 "m зай bt — 
i 6 08.5 при] оў bun pep zune зола 
= рэ ИА ауа gemang 1 
= 0 ГА s dotjst uns M ы 
Е 6 Š 1 vM uod ze 
КҮТ CORN Re 
5 0 8 шой 180 d « 
o 0 x todoayany " 0 0 
IN O/V 4s =v 0 T 
э 0 RECESY воч “ [0 абон 
z Ü |, 9uicoup “ 0 8 OLF m 
3 0 ТІ i siqouspuqv]e “ : ЯТ тс eis a 
а BLOG NL QS «fo € 1098 . s 
‘= 0 LOG'I d Jo m ПЕ Lu Ld " 
я т LS . Aq OFS 0 SOC'S . — usodop X 
Я 0 [3 : savutas; “ 0 og: Ju М p Хав 
е 0 В 000° : Я ВАР роде « ош 0 2 Tar Supr on BIS ш Selon ва 1801 
€ 988'0c зм e ENS ep 50 “ og" id e s ouo] Әг xe 5 
0 4 9c 2 Я эмәјио yny 0 с] uon о [, ошо, 
н 6 0 988 ы ушеу ттан И м 0 000°т > 09} Ee ans йы з our 
00c'£ . vuv S 10} 7 x 1904S и 0 = m ишш: TUIA puny 119 U0; 
* оз aa STEHT уе rin vipu 8208 10851 bs 0 O00'0l'z 00 vau xen mna e mpi 
9s'r& sudo. pris) IJO 30 19907 «t c . 514 От dá quowu. gendo ic. 
E ‘ f олу oou 19 qu ou тәлә & 0 OI а ас nququgy - вдотАләв A. or E oq 
о 8 35 m uuo 101008 Я OX) 0 919 eue 72 ^ os Aqu О [vou 
I ol FELGI тїрї, yuru * S Яшенон . Q0 Gee] $ оа Jon опо eg 
£I 31318 T ou иу au so 101491435 H 0 0 je T Т JO nor l 
А 0 ет 998 5 (өө E DES aie ose 1 9 00025 e да ЗН 37980118 к лыш. а 
0 d 1 9О8'Е1 Е 9 * DS Coss p 9 de 906" „ воды г. ра © ends 88 оо 
g 11 $90'8 ` . 4. reto өл) ERE u "uoa ý iL MEL PES S agp lu, uva; 
0 L 90'8 vuol osuodxc 0 0 85 OSSOd]sIC]. эту 919519% D Wo] S 
L $6798 А 3 uruoo xo 19430 000'z 1q Jo Xo. Jo 191041 35 Я OL 
a osi о N З г P c — AING [олуи L 
B Lo -- | eh eri esse в 0 0 оо ` атт) uy does а 
0 0 squowd, S N Аш sod 0 ore d 29 ua Хола әкә лә, ке 
lloere 3 je mbo А. ou. “ 0 062 м ] Jo 2t S doa Өл 
Ug 3 sv £10700 IS 0 0 gc SI A TOISSTUL тәшичә. О [euo 
0 11 upava E UD ‹ [о 0 0007 e бк ны эе “ны лор : зш i 
966°, 3 N quou a syoog . ЕбЕ&С р qu Top p ambur rear) 
* Fd . ТРЧЕ. Кол. шец « [o ons "" 99 ounindo DOG JO 28 PO OL 
. ss eee) Sour —— E FI Occ spuur » зз log 31098 191310, L 
= a v ^ ЖҮ pees AOV 2р А. ETE ile op ww UVI, ав р 
* — ч mee cer'ct* m "y puny моцу S Апач о м а H иот ҮК поце M 
1 У CN $ a Sanus ол зпортлол ssouawo([ m ом LFE vipu monia. ques 20} mdoq 
: p Aa M I Жш эра алшын 
> тиче 0 0 ЗЕРТ хта JOAON) 9 eq 
> urpngour А. 0 ore 0 ¢ s sadtoooa Digu 
uus ke 0 стс‘ сес“ sadio: 4 snoou элу у 
S АЯ 0 908 4 EE os дәл $ ejos: D X0 
SIXSNAYd _ OL PE ser e 3 — y а „ 
8561 ‘Y з= Чы : id ка Ne. ES нун 
Wie Surpue л EH ids ae oe e 
eek ey x oF EE Re „ ВЫ рев seo p 
©} uno22 T : ы soau a Buruma 
ү зүчәшАе, # EM 480 9881 " 
d passar og g = 
эээ : SL jutuod а 
ABNEY Tes — : О от, 
reg ue = 
три — áÀ 
‘PUJ 
— — 


AUDITED ACCOUNTS FOR 1944-45 


Indian Statisti 
tatistic: ч 
atistical Institute : Earmarked & Speeial Enquiries Fund, Account for 


31st March, 1945 


the year ending 


RECEIPTS 


Го ppening Balance 
оек grant (1944-45) 


To E 
Opening Balanc 
© 


To ing 
Opening Balance 
У: 


Тоо 
репу Bal 
g ane Р 
Mock. grant БҮЛ i 


А‹ lvane 


f tatistic, trom Indian 


cal Institute 


Го Block е 


А та, 
E Advane nt 


DR 1 
from Indian 


Statisti 
atistical Instituto 


Ro 
ad Development Fnquiry (War Trar 


Population 


PAYMENTS 


Bengal Crop Survey 
Ro: Ay Ë 


5 9 Ву Salary & allowance 
0 By Other expenses 


Field Branch 

By Other expenses (1943 
7 Salary & allowance ( 
~“ Other expenses 

= Suspense а/е 


" Closing balance .- 


Burdwan-Hoogly-Howrah Flushisa Scheme 


6511 4 0 Ву Salary & allowance 
Other expenses 


= Closing Balance .. 


U. P. Wheat © Sugarcane Scheme 
52318 5 3 By Salary & allowance 
Other expenses 


» Closing balance .. 


Bihar Crop Survey 
11,057 10 9 Statistical Branch 
2.10.000 0 0 By Salary &a 

Other expenses 

221057 10 9 

6.012 15 6 FicldBranch, 
397070 10 3 


vey of Distressed Villages (Bengal) 

Statistical Branch 

By Salary & allowance 
? Other expenses 


Sur 
25.000 0 0 


14,091 0 0 е 
Field Branch, 
39,091 0 0 

„ Data Committee (Governmen 


By Salary & allowance 


13,250 0 0 А 
Other expenses 


6.249 00 
19,499 0 0 


«port Department, Governmet 


Statistical Branch (1944-45) 


йу ue 
1944-45) 


llowance (1944-45) 


other expenses (1943- 


other expenses 


t of India) 


of India) 


Rs. A. P. 
2.42.669 14 0 
99.120 2300 
341190 0 0 


507 13 9 
343,011 0 0 
1,283,531 4 0 

0 

9 

0 

E 

4.092 14 0 
1.670 2 0 
5,163 0 0 
748 4 0 


39,091 0 0 
12,185 0 0 
7314 0 


_ дыма 
19,99 0 0 


5007 6 0, 


0 Block 
> < gray 
Advance e ien 5.000 0 0 By Salary & allowance 92 99 10 
at ist ical SA Other expenses 
e 288 0 0 AUN 
А 988 0 0 zh 
Н, — ME = сеа and Founa Correct, 
TNS STREET CALCUTTA. pii ANDI & Cor Um 
* 25th April, 1046. Registered. Accountants, Chartered. Accountants 
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APPENDIX 1. LIST OF PAPERS PUBLISHED AND 
REPORTS SUBMITTED IN 1944-45 


ос. Ind. Sc. 
i Я rice стор (Proc. 
istic i "arietal experiment on the rice er 
ELT. The Р? -statistic in some varie 
Bose, (Mrs.) CHAMELT, 
| Congress, 1945). 


i je. Congress, 1945). 
Sampling error in the method of double sampling. (Proc. Ind. Se. Congress 


gs, 1945). 
Ye, Congress. 
Statisti i in Cale : 1900-1930. (Proc. Ind. Se. f 
BosE, PURNENDU. Statistical study of rainfall in Calcutta: 19 


m 2 ; (Prot. 
i 3 A „ distribution. 
Determination of an unbiassed critical region of type А in the case of F di 
Ind. Sc. Congress, 1945). 


Bose, В. С. The symmetrical factorial designs of the class S5. with S? 


(Proc. Ind. 
Sc. Congress, 1945). 


plots per. block. 


А note on Youden's Squares. (Pror, Ind, Se. Congress. 1945). 045) 
у, 1949) 
* TE o 
Bose, В. C. & Cowra, S. Construction of Affine Difference Sets. (Proc. Ind. Se. Cong 


9 " " 945). 
Theorems in the additive theory of numbers. (Proc. Ind. Se. Congress, 1 ) 


ss. č s, 1945). 
A new series of balanced incomplete block designs. (Proe. Ind. Se. Congress 


zu the 
реа in 
; vs are distribu 
СНАКВАУАВТУ, NIRMAL. On the income elasticity of demand when the incomes ar 


Pearsonian Type TII distribution. (Proc. Ind. Se. Congress, 1945). 


The present position of Indian sugar 
1939-40. (Proc. Ind. Sc. Congress, 1945). 
Guosn, Brrexpran 


1927-28 t° 
2 2 926 ˙ 
industry in relation to consumers 


ATH. Efficiency of rectan 


xpe 
riments or sample surveys. 


270 in, Hohl * 
gular plots of different shapes and sizes. in 
(Proc. Ind. Sc, Congress, 1945). 
ü n 
The distribution of distances in а configuration of many rectangles with pe 
(Proc. Ind. Se. Congress, 1945). 


allel edge 


GHOSE, MANINDRA Natu. On the 0 


limit. 
theorem in probability, 


central 
rder of approximation involved in the 


(Proc. Ind. 
——— On the problem of Similar reg 
Manaranonis, P, C, 

No. 584, 231, 


Laplace“ с 
Sc. Congress, 1945). 
ions, (Proc. Ind. Se, Congress, 1945). 


ies p 
serit 

p. ^ 
On Large Scale Sample Surveys. (Phil. Prans., Roy. Soc, Боно! 
329-451), 


—— Report on the Bihar Сто 


p Survey 
in November 1944). 


„вра! 
rp 
е У ent о 
Kabi Season 1943.44, (Submitted to Governn 


ote on per capita consumption of food stuff in Ber 
Inquiry Commission in December 1944), 


Famine 
А the 
agal, 1936-1942, (Submitted to 
—— Note on the mortalit: 


i 
¡ssion " 
5 % Commis" 
У in Bengal in 1943. (Submitted to the Famine Inquiry Ga 
February 1945). 


Bengal Crop Survey 1944.45; 


Progressive Teports we; 
Bengal on jute and aus paddy cro; 


PS on 31 August, 16 
aman paddy crop on 19 December 194. 


4 and 16 and 2 
1945. 


те submitted to the ETT агу 

September and 14 opes "ELA 

4 January and 1,8, 14 апе 7 d 
e 

——— Bihar Crop Survey 1944.45 


t 
Р sub and 

. J А . were * un 
: Progressive reports on bhadoi (monsoon) crops e 
on 8 and 20 October and 4 November 1944 ; 


covember: ' у 
ee on аан (winte; 1 Nove! па 9" 
25 2 
25 December 1944; 2 an and 9 February, 


t 
nme” 
Govern nd on 


d 22 January, 2 
23 March 1945. 


r) crops оп 1 3 7 50 
А and 21 March 1945 
(spring) crops on 19 and 
NaANDI, HARIKINKAR. On the average power of tebt criteria 
Note on the enumeration of ај] 


block designs. (Proc. Ind, 


dam 1945). te 
(Proc, Ind. Se. Congress e 


: ed 
Possible mon. isomorphie solutions of balance 
Se. Congress, 1945). 
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APPENDIX 1. (Contd.) 


of the number theory derivable from 


24 
74. Вло. С 8 
» C. Rapuaknisuva, On finite geometries and theorems 
them, (Proc. Ind. Se. Congress, 1945). 
T 
EID 
(Proc. Ind. Se. Congress, 1945). 


eue. № nop est : ; А 
ome new cyclic solutions of incomplete block designs. 


pothesis. Eros. Trad Se. 


and teste of linear hy 


— _ Generalisation of Markoff's Theorems 
Congress, 1945). 


Rao, C. В i 
adhakrishna. On linear estimation theory and testing of hypothesis. (Current Science, 13(6) 


June, 1944). 
23 
eeepc. ee | | | | 
(Cu ахо] correlations or the multivariate generalisation of the intra-class correlation. 
Я rrent Science, Macch 145). 
a — 
— [ve : x 9 E 
Extension of the difference theorems of Singer and Bose (Seience and Culture, 1901), 


Тау, 194 
30. ). 
inter-block in tor mation. (Science and Сите 


Or j| H " ш 
1 the linear set up leading to intra and 


10(6), December, 1940). 
„statistica on the non null 


31. 
апае normal. 


tion of p- 


Rox s 
SAMAREN : " NR 
AMARENDRANATH. The individual sampling Aistribu 
f mean values for kp 


hypothesis when the null hypothesis voncerns equality o 
population, (Pros Ind Se Congress 1945) 


APPENDIX 2. OFFICERS ON DEPUTATION FOR TRAINING OR 


SCIENTIFIC CONSULTATION : 1944-45 


hi 5 E 8 y 
?- M. Hossars Il. Se. (Lecturer in Physics & Statistics, Dacca University, Dacca), 13 to 16 April, 1944, 
O. S. N а А 

: Хаули, II. Se., (Lecturer in Mathematics, Jorhat College. Assam) 2 May to 24 June 1944. 
al) 5 to 13 May 1944. 


3. p 
i E = 5 M.Sc., (Statistician, Department of Agriculture, Beng | | 
Par., B. Ag. (Assistant Rice Reasearch Officers Bankura) 13 to 20 May, 19 to 22 July, 29 July, 
5, дам 4 to 10 August 1944, and 2 to 6 March 1945. pn 
6. II * xs Rov, М.А. (Professor of Mathematics, Meerut Colleges v. P.) 12 July to asi | 
7. K. p Ё ен M. X. Department of Economics Muslim University, Aligarh) 32 July to m= October, 1944. И 
ч — Ришат, M. Sc. (Physiological Assistant. Ravenshaw College, Cuttack) 2 May 1944, 5 to 12 March 1945. 
9. в 855 TA SEN. M.Sc. (Dacca Agricultural Farm, Расса) 9 to 31 October, 1944. 
Бы E Prosap Misuna, B. Se. (Sugarcane Research Station, Pusa) 21 October 1944 to 
10. Ano 5 January 1945. 
MODE RaNJAN SEN, M.Sc. (Senior Statistical Assistant, Department of Agriculture, U.P. Lucknow) 
TN er January to 28 February, 1945. 
AKASH SeN, М.е. (Imperial Veterinary Research Institute, Mukteswar-Kwumaon, U.P.) 2 to 
22 January 1945. 

APPENDIX 3. STUDENTS IN THE TRAINING SECTION. 194445. 
е, : Y. D. Bonwaxkzn, M.A. (Allahabad) ; (2) Rost Narayan DAS, Bes Pas ы с, 
ee М.А. (Patna) ; (4) S. VISUVALINGAM, В.А. (LONDON) (Ceylon); + (5) P am (Ма) 
М.А. (he „B. A. (Madras); (6) BINDHYESHWARI Pd. Siyon, М.А. (Patna) : (7) РАХАТ Вера e 19 7 5 
all fro con.) (Agra); (8) KHURSHEED ALAM M.A. (Patna) ; (9) Sari BDU Gn? M. A. (Du 

, M.Sc. (Calcutta) and (11) Ажарт BANYAN Шо 


In Augus 
August 1944. (10) Prosap Kumar BANEF 


. A. (M 
ath.) & М.А. (Statistics) (Calcutta) in Осо vember 1944. 


ber and No 
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INDIAN STATISTICAL INSTITUTE 
Proceedings of the Council dated 26 April 1945 


day the 
2 Thursday 
A meeting of the Council of the Indian Statistical Institute was held at 5-0 P.M. on 
26th April 1945, in the Statistical Laboratory, Presidency College, Calcutta. 


In the absence of the President, Sir C. V. Raman (Vice-President) took the chair. 


+ Ghose. 
Present : Mrs. Chameli Bose, Prof. K. N. Chakravarti, Mr. N. C. Chakravarti, Prof. ж 
Mr. B. Das Gupta, Prof. К. B. Madhava, Mr. S. N. Вау, I. C. S., Mr. Samarendranath Roy anc 
Mahalanobis (Honorary Secretary). : election 
1. Sir C. V. Raman proposed from the chair that the Council notes with gratification the < 
of Prof. P. C. Mahalanobis as a Fellow of the Royal Society. 


^ «dl. 
Р onfirmec 
2. Proceedings of the meeting of the Council dated 23 February 1945 were read and co 


сена) 
я vation of Caleu! 
3. Election of members : Narendra Nath Sarkar, М.А. (Chief Accountant, Corporation 


> " ofthe itute : 
was elected life member and the following persons were elected ordinary members of the Instit 


М.80, 
А thosh. 
Purnendu Kumar Bose, M.Sc. (Statistical Laboratory, Calcutta), Birendranath ouem Crop 
(Statistical Laboratory, Calcutta), Dhirendra Mohan Ganguli, M.Se. (Dy. Superintendent, krishn® 
Survey, Calcutta), Mahabirprasad Roy, N. Sc., 


Mt 
(Caleutta Corporation), Palghat Ran 
Subramanyam, М.А. (Stock Share and Finance 


Broker, Bombay). 


f Bengal 


4. Bengal Crop Survey: The Honorary Seere: p 


(Agriculture Dept. Memo No. 3425 dated 4 April 194 
allowance of Rs, 1,50,000 for the conti 
Chandra Chakravarti, B.C.S., Asst, Secretary, Ар 
the Field Branch. The preparatory work 

Resolved that the Honora: 


tary reported that the Government le 
ч plus ¢ N 
5.460. Mr + 
rop Survey during 1948-46. charge 
2 " ^ 111 
riculture Department, would continue to be | дане 
ачу S 


5) had sanctioned а grant of Rs. 6,50,000 
nuance of the Bengal C 


1. 
had been complet. 


ry Secretary be authorised 


5. Appointment of Committees : I 
А 
follows, for опе year, with powers to co-opt 


ed and the field survey had a tter: 
s М js nan И 
to take all necessary action in this 


ted 


constitu 
Resolved that the following ` 


Committees be re 
andr 

Journal Committee: Mr. Rajchandra Bose, 

Sekar, Mr. Haricharan Ghose, Prof. К. В. Madhava, 

Mr. Justica T. J. Y. Roxburgh 


„ Ch. 
F C. D 
Prof. Satyendranath Bose (Dacca), kr e Hon zi 
а i 
Prof. P. G. Mahalanobis (11600). 
and Mr. Samarendranath Roy (Secretary), 


avart! 
Finance Committee 


: The President, The Treasurer, The penoy 


(Convener) Mr. Sudhir Kumar Banerjee, Mr, Nihar Chandra Ch. 
Bhusan Das Gupta, Prof. К. В. Madhava, M: 


chak 
Secretary, Prof. Khagendranath is 
akravarti, Mr, Haricharan Ghosh, n Roy: 
Es Satyendranath Вау, I. C. S. and Mr. Samarendranat 


б. Examinations Committee : Resoly 
ed t 


hat Prof, Satyendranat 
Prof. P. C. Mahalanobis be elected representativ 


es of the Coune 
7. Recommendations from the Finance Committee 


proceedings of the Finance Committee dated 25 April 1948: 


‚а Aan 
have 
h Bose, Prof. K. B. ssa e. 
i И tov 
il on the Examinations Cor me 
„в from 
Considered the following extracts 


n 

fro 

. eje A J 

“Land Acquisition at Вататалоте : The Hon, Secretary Placed before the Council & d bs 

the Land Acquisition Officer, and from the owner of the land, a Iten offering to sell je gm 
private negotiation. The Hon. Secretary explained th Е 


& was "* Jd 
е present Position, and stated that he e lan 
ing 
ested that expenditure for purchasing 


е Director's Contribution Fund. oc? 
Resolved that the Secretary be authorised to take 


an 
ines 

| necessary action on above line 

the Finance Committee informed as to progress of negotiation, 


to settle the matter by private negotiation. He sug 


may be met by borrowing, with his consent, from th 
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PROCEEDINGS OF THE COUNCIL 


16 was 
з also reco 
mmended to the Couneil that necessary money be borrowed fi hi 
y x rom the 
ing the- 


Director" 
'tor's Contributi: 
Id and йа sm ion Fund with the consent of Prof. Mahalanobis for the purpose f i 
ngements be made for рауте ble interest and fo th k n 
r the ultimate repay- 


ment of th a 
al 
ле borrowed sums to the Fund." 


Resolve: 
: d th. в 
at the proposal made by the Finance Committee be approved 
e draft budget estimate for the year 1945-46 as 


$. Budget Esti 
Prepared by tl get Estimate for 1945-46 : Considered th 
y the Finance Committee 
Resoly 
"ed that the 
he budget as modified by discussion in the Council be passed. 


o; À Budget Estimate for 1945-46 
Pening | 4 8 А 
Grant © Balance (Cash & Rs. А. Ps 5 Е ERN 
Grant {tom the Govt. на Баш) 10.980 15 5 | Salary including research staff. 3.10000 бо 
У m the Govt. of adia .. 51,000 0 9 Establishment & travelling +> 25,000 0 0 
Membershi Sankhya of India Books and journals d Jia 10,000 0 0 
govt. of Be fees А m 2.000 0 0 Laboratory equipments 7.500 0 0 
out. of T engal : Crop Surv єз 1.000 0 0 Stationery & stores purchase .- 30,000 0 0 
ot. of ndia : War T ОЕ 8.00000 0 0 Postage. printing & contingency 15,000 0 0 
› India : Populi ransport 75.000 0 0 Rentals ze = 20,000 0 © 
Govt, c 5 ommittee | nlation Data Other expenses (hire charges of 
'ontrib, Bihar + Crop S ws 20,000 0 O machines, furniture ete. 30,000 0 0 
Ме ution iv lieu Dp ürvey 3 0 0 А.В.Р. evacuation & emergency 3,000 0 0 
Misco a anobis’s hi ot Heel | Special activities af Giridih -- 2.000 0 0 
dental neous Race services 25.000 0 0 Construction, maintenance & repairs 5,000 0 0 
" ipis 1,480 0 " Housing scheme . m 10,000 0 0 
14,000 0 0 | Govt. of India. grant for Sankhya 2.000 0 0 
Contribution to Sankhya from 
Institute ES 25 3,000 0 © 
Director's Contribution Fund .- 25,000 0 0 
Indian Statistical Conference +. 1.000 0 © 
Bengal Crop Survey (Field) «a 5,239,000 0 0 
Auditor's fee 5 1.500 0 0 
Closing Balance 10.000 0 € 
um Nm 
10,49,000 0 0 10,49,000 DAE 
е — — - RN — 
9. 
. Annu 
al Report : The draft Annual Report for the year 1944-45 was placed before the meeting 


by 
Y the 
пе Hon, Seereta 
retary. 
al General Meeting. 


forwarded to the Annu 


dited Report for 1944- 
ating to 


Resoly 
"ed tl 

nat the draft Thirteenth Annual Report be 
u 


tary placed before the Council the A 
tatements rel 


10, 
95 April 1945 and also 5 


45 
E Which ha 
l'oject and 


Audi 
й еа Accounts ; The Hon. Secre 
considered by the Finance Committee on 


other funds. 
o Annual 


Resol 
ved that 2 
at the audited aecounts and statements relating t0 funds be forwarded to th 


G 
one. 
s Meeting 


tho oxaminoes 


rs аз well ав of 
Hon. Secretary 


nine 
d the 


nvenienco of өхат 
[August 1945 ап 


Insti Z. о! 
itute Examinations : To suit tho © 
d till July 


зо 
t Ved that the Т. 
nsti cami 
itute examinations this year be postpone 


за 
authorised 
to fix the dates. 
rof. P. С. Mahalanobis (Secretary). Mr 
iners for condu 
[August an 
dra Sekar be а pointe 


be held in July/Au 


Mr < Resoly 
Corus {. Roy ria 225 that Prof. К. B. Madhava, Р. 
E жо ра members of the Board of Exam 
Board er with Dr. p Un proposed to be held sometime in J uly, 
о E . V. Sukhatme, Mr. K. R. Nair and Dr. C. Chant 
s for the examination for the Statistician’s Diploma to 
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>. М 


gust 1945. 


af n 14. Over-draft arrangements : The Honorary Secretary stated that owing to non-receipt of sa 


Vor. 71 SANKHYA THE INDIAN JOURNAL OF STATISTICS [ Part 2 


, 12. Membership fees of Local Branches : In modification of first part of Bye Law (VT) of ш 

> — H ‚| 2 
„relating to Local Branches (gdopicd by tke Covneil cn 3 August 1932) tle me mbaship fee of Rs- 20 
_members resident within the area covered by a Local Branch be allocated as follows :— 


(a) Rs. 13 for the Journal (a copy of which will be supplied free to each member of the Institut e) 


(b) Rs. 3-8-0 for the Local Branch Fund. 
(c) Rs. 3-8-0 for the Institute Fund. 


ипейаһай, 


13. Local Branch at Ahmedatad : Considered a letter from Mr. G. D. Mathur dated Al is 
or 


-20 April 1945 proposing that a Branch of the Institute be started at Ahmedabad with the following pers 
аз office-bearers :— М 


(1). President. : Mr. Kasturbhai Lalbhai; (2) Treasurer : Mr. С, У. Mavlankar: (3) Secretary * 
Mr. G. D. Mathur ; (4) Joint Secretaries : Profs. Y. D. Keskar and J. B. Sendil. 


а = „ with 
Resolved that sanction be given to the opening of a local Branch at Ahmedabad in accordance * 


7 

> constitution of the Indian Statistical Institute and the list of office-bearers as above be approved. 
4 actione 

E 9 ы i „гай 9 

project. grants № was necessary to meet current expenses by increasing the limit. of the over. dra 


Rs. 25,000 arranged with the Imperial Bank of India. 1 
Я ку, ‚„„геа8©© 
с Resolved that the limit of the over-draft arrangement with the Imperial Bank of Tndia be ine doi 
* ‘to Rs. 50,000 for a period of 3 months. 
: | : orking 
| “Жш resolved that the Finance Committee be requested to examine the questions of the &. 
that dns 


4 15. Land Acquisition | arrangements. at Giridih : Tho Hon. Secretary stated Sample 


A ЕЗ Б *. 
е of рек decided, without consultation with the Institute, to terminate the pihar 
Tor land ay pes the work in the roži season of 1944-15 and also the land acquisition M" 
-opinion that the табаре ih for the Institute. He also stated that Prof. R. A. Fisher. F.R.S. 
was likely to аиа а Каси 10 їн Ep Я of crops in Bihar would he а retrograde Ste o 
The Hon. Secretary пез in crop statisties ; the Hon. Secretary was also of the same jy for the 
_ Bihar crop survey E but ue ja ine Heute was in need of land at Giridih rot 17 approve! 


and support of the Gov i i i e 
tures on land 3 of Bihar, iron, cement and other building materials for put 
liable to be wasted and thus 1 f been purchased at Giridih. А good deal of this 1 
e Institute in heavy т iar 58 
Resolved that the Hon. Secret; а 
ment of Bihar in this matter, 


p 
projects and its general purposes, and that. with t 


"nu 
. К „ Gover 
агу be authorised to make suitable representations to the 


C. V. Raman nobis 
Chairman. p. С. Mahal, 71. 


Honorary ^ 
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ceedings of the Annual General Meeting dated 26 April 1945 
al Institute was held at 5-45 p.m on 


the Indian Statistic’ 
College, Calcutta. 


The 2 
Пы ae General Meeting of 
y, the 26 Apri TA 
: ith April 1945, in the Statistical Laboratory, Presidency 
Sir С. V. R > š 5 А 
aman, D. Se. F. R. S., J. L., (Vice President), Was in the chair. 


The Е 
е 1e following members were present :—- 
. B. N. Bhaduri, M.S 
, M.Sc. >. 
c., D.I.C., Ph.D. (Lond.) .- Asst. Physicist, New Research & Control Laboratory 
Jamshedpur- 
. M. P.’s Offices Dept. of 


Statistical Section, D. 
Supply, Calcutta. 


Statistical Laboratory, Calcutta. 
Presidency College, Calcutta. 
Govt. of Bengal, Agricul- 


Mr. H. G 
G. Bhattacharjee, V. X., B. Com 


Mrs. С 
в. C. Bose, B. Se. (Lond.) 


Prof. K 
K. N. C T 
1 Il. Se. х 
kravarti, M.A., В.С $ = Addl 
„B. C. S. ES 4 ‚ Asst. Secretary to the 
ture Dept. 
Secretary. Indian Qentral J ute Committee. 


Mr. B 
. B. Das G 
Prof. н. С. Сар M. A. р 
a Б. Madhava, M we e * ААТА 
Mr. Sa J. Вау, I. C. S „M. A., А.А. +. x Mysore, niversity- Я 
Prof. 0 a Roy MSc e 82 Financial Adviser, Dept. of Givil S: 
ЖОР РӨТ 15 15 vx x. ke University- 
s, F. R. 5. - 2 onorary Secretary- 


upplies, Bengel. 


stitute notes with gratificar 


e chair that the Indian Statistical In: 


he Royal Society. 


1. Sir C. v 
r C. V. Raman proposed from th 
а Fellow of tl 


tion th 
© electio: К 
n of Prof, Р. С. Mahalanobis 25 
e the meeting the 


Secretary placed befor 
ntioned that the 


‘The Honorary 
e Council and me 


by th 
1 Accountants. 


unts > 


1944-45 аз а 
& Co., Charterec 


2 
2. Ап 
Annual Rep nual Report and Audited Acco 
ава k 5 and Audited Accounts for 
ud been audited by Messrs Р. С. 


pproved 


| Nandi 
Resolves 
ed that the Annual Report and Audited Accounts for 1944-45 be adopted. 

Pr " 
Tronos by Prof. K. B. Madhava 

sonded by Mrs- Chameli Bose (Carried unanimously). 
The Honorary Secretary reported that 
rs of the Council, nominations 


of the Council + 
ith the notice of the 


rs and membe: 
ed together W. 
was 
afore issued. 


3. Electi. 
“lect я 
ion of Office-Bearers and. Members 


Ш асс 
Й cordance wi 
for 1945-46 a with the Bye-law 3 for election of office-beare 
prov. 
pproved by the Council of the Institute had been 
As the number 


Ann 
ual Се 
neri : 
of the обе ы ^ leoting on the 9th April, 1945. 
r of vae > 8 
vacancies, no voting Was necessary and no voting paper was ther 


circulat 


of nominations in no ease in excess 


The 
eleati я Я > 
ion of the fallowing office-bearers and members of the Council as circulated was then 


ann 
noune 
need from the chair. 


Sir с 5 President 
+ D. Desk з 
hmukh, C. I. E. Governor, Reserve Bank of India. 
xc Badrid | E Hon. Vice-Presidents (having filled the office of President) 
NE N 8 Goenka, Kt.. C. I. E Calcutta 
dE = LS ta. 
ся T Calcutta. 


R. Sarker 
Vice-Presidents 
„ Calcutta. 
a, Delhi. 


Dr 
T. P. N 
Sir A N. Banerje Р 
‘Sir a Созам FS Dod M. L. A. (Central). Calcutta. 
Dr. S. P. Gregory, D.Se „M. L. A. (Central). + + Messrs A- H. Ghuznavi & Co., Я 
" P. Mookerjee, М А B. L., M LA st Economic Adviser to the Government of Indi 
Sir C. 18 В M.L.A., D.Litt. г 

Ir. ee B. "WM. S. w^ S oet z Calcutta. А 

ir Aire gmail Rajghari C. I. E., M. A., D. Sc. Speci r, The Observatory: Delhi. 

Sir © ri Ram, Kt ы eU аё міса Merchant, Giridih. { 

7 ne E Delhi Cloth. and General A ills, Delhi. 
E Indian Institute of Sciences апдайоте- 


„V. t] 
deaf. D.Sc., F.R.S. N.L. 
Му ч 4 (ыз, "nous з" Roxburgh B. 
H. S. e ee сш б» Ж к 
85 x ws alcutta- 
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lcutta High Court. 
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Treasurer 

Dr. Satya башылар т» B.L., кыр» йв» — 
Secretary 


Prof. P. C. Mahalanobis, F.R.8., 


Statistical Laboratory, Calcutta. 


Joint Secretaries 


f. К. N. Chakravarti, M. Se. 
К Bimal Chandra Sinha, M.A., 


Presidency College, Calcutta. 
Calcutta. 


Members of the Council 


pr. S. К. Banerjee, D.Sc. 

Mr. Sudhir Kumar Banerjee 

Mrs. C. Bose, В.Ѕе., (London) a 

Mr. Raj Chandra Bose, М.А., F.N.I., 

Prof. S. N. Bose, M.Sc. M 

Mr. P. H. Carpenter, O. B. E., F. I. C., F. C. S. 
Mr. Nihar Chandra Chakravarti, M.A, B. C. S. 


Dr. C. Chandra Sekar, M.Sc. Ph.D. 


Prof. К. P. Chattopadhyay, M.Se. (Cantal 

Mr. B. Das Gupta, MAS 8 

Prof. Н. C. Ghose, M. A., ERS : 

Prof. F. W. Levi, Dr. Phil. Nat.,.. 

Prof, John Maclean, М.А, ex 
г. A. C. Mukherji, M.A., Dip. de Statisticien, F/S.S 

Mr, E. . а MA Mae, ESS. 

Dr. К. C. K. E. Raja, L. R. C. PB. & S., D. P. H. 

D N. 

Dr. V. К. R. V. Rao, M. A., Ph. D. 

Mr. S. N. Вау, B. A. (Cantab), I. C. S. 

Mr. Samarendranath Roy, M. Se., F. N. I 

Dr. P. V. Sukhatme, Ph.D., Dé. . 


4. Appointment of Auditors : 
be appointed auditors for the year 1945. 


Proposed by Mr. N. 
Seconded by Prof, H. C. Ghosh 
5. Appointment of Committees + 
Committees be reconstituted as follows w 
Journal Committee (1 year) : M 
Chandra Sekar, Prof. Haricharan Ghosh 
Hon'ble Mr. Justice Т. J. У. Roxburgh an 


Finance Committee (1 year) : 


The Presi 
Banerjee, Prof. K. N. Chakravarti (Convener) Um 177 a pace 


> and Mr, 


Prof, К. B. Madhava, Mr. $. N, Вау, I. C. S 
Proposed by 


Dr. B. 1 
Seconded by N, Bhaduri 


Mrs. Chameli Bose 
6. 


hearers and members of the Council, 


Proposed by Prof. P. C. Mah 7 " 
Seconded by Prof. К. В. — 


C. V. Raman 
Chairman. 


Resolved that Messrs’ P. C. Nandi & Co., Chartered pee 
46 on an honorarium of Rs. 1500. 


C. Chakravarti 


r. Rajchandra Bose, Prof. Satyendra Nath Bose „bet! 
Prof. K. B. Madhava, Prof. P. С. Mahalanobis айо 
d Mr. Samarendranath Roy ( 


Vote of thanks to the retiring Office-bearers : 
Resolved that the Council places on record it: 


Director General of Observatories, Delhi. 
Statistical Laboratory, Calcutta. 
Statistical Laboratory, Calcutta. 
Statistics Department, Calcutta 
University of Dacca. з 
Director, Indian Теа Association, docks 
Addl. Asst. Secretary, Government of Bengal. 
Department of Agriculture. А Ith, 
All India Institute of Hygiene and Public Hea 
Calcutta. 


University of Calcutta. А 
Secretary, Indian Central Jute Committee. 
University of Calcutta. 

University of Calcutta. 

Wilson College, Bombay. 

Director of Statistics, Baroda State, B 
Food Department, Government of India, 


University. 


Agsame 


Baroda. , 
Delhi. 


Deputy Public Health Commissioner, Dell y 

Director of Statistics, Food Department, Delt 

Financial Adviser, Dept. of Civil Supplies 

University of Calcutta. Я 

Statistician, Imperial Council of A gricultura 
Delhi. 


Bengal: 


1 pesearch r 


ountanté 


пои) 
(Carried unanim” 


inc 
10 following 


(Dacca): p 


que 


Secretary). guma” 
* 


Sudhir Ghosh. 


Secretary, Mr. б 
akravarti, Мг. B. Das Gupta, prof. H- 


Samarendranath Roy. 


imousl 
(Carried unan 


„а аЙ” 
8 i А jrin 
8 appreciation of services rendered by retiring 


) 
„ 0800 
(Carried wna” imo 


obi? 
р. C. Mahale iy. 


Honorary Sec 
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ON TH 15 а. 
ани COMBINATION OF OBSERVATIONS AND 
ENERAL THEORY OF LEAST SQUARES 


RADHAK RISHNA RAO 


By C. 
1 Laboratory, Calcutta. 


Statistica 
INTRODUCTION 

bservations as estima 

19452, 1945b) unde 

ing of line 


= The gener: 
Functions has b. theory. of linear combinations of o tes of parametric 
conditions, А ка нези by the author (Rao: 1943, r very general 
involved in a m cade method of approach to the problem of test аг hypotheses, 
ariety of cases, has also been put forward and the necessary distributions 
Whose es and covariances are known and observations, 
ws of certain parameters, form а multivariate normal 
solution leading to the use of published 
variances and eov 
jossible to show (Rao: 1945c) 
tions were not 


Worked out i 
А 3 ше ease when the variane 
System. TH начае are linear function 
tables of * E problem which admits 
not knee 5 iy brings in fresh complication 
that many а mi by suitable sgtudentisation’ 
available. са oblems in testing of linear hypotheses. for sor 
‚ can be solved with the help of two distributions viz 
ing out the generality of the 
ecial cases. Various aspects of 
22, 1925) 


a simple 
s when the 
it has been 1 
ne of which solu 
Fisher's t and z alone. 


ariances are 


method of least 


"Dios тй 
Squares коз aim of the present paper is to br’ 

| wis — te all tests of linear hypothese 
„man ing "iin been considered by Markoff (1908), Fisher (1922, 
Blveg a, useful PROA (1930, 1931) and David and Neyman (1939). A recent paper which 
application of the general ideas is due to Kolodziejezyk (1935) who following 
atment of the 


le t] 
leorie 
pr es of Neym: 
5 oblem but Neyman and Pearson (1930,1931,1933) gave а general tre 
at are same as those of the above authors. 


1 above are certain inequality relations connecting 
d the rank of the matrix of the compound- 
now been withdrawn and it has been 
necessary statistics Са? be obtained 
ticular cases of linear hypothesis 


's come out as Sp! 
(1912), Student 


е important ан В conclusions arrived 
* hv я of = eae in the problem treatec 
p 20е []ісіетиѕ of ers, the number of observations ат 
58800 of parameters. These restrictions have 

edure the 

m for some par 
f view. 


e to 
To show A 
m minimi v that by a certain rule of proc 
sed sum of squares. This proble 


has p, 
een tr 
Teate * 
ted by Bose (1944) from a different point o 
запа testing } 
ounding 


The 

Wj Dy > 

E — — the Ghee here is the theory of estimation 

Squa, “ents in are of өш parameters and regression coefficients the comp e 
Кёз mag atter case being functions of concomitant variates. The theory of leas 

y now be made secure on solid foundations and a unique principle; ‘without 
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i ick afres intution 
which the solution of new problems has. as it were, to be picked out. afres h. by 
i d ality i ^ eus ary methods’ is made available. 
leading to a ‘generality in the customary E ade ¢ а = 
У 5 9 y har ү * analysis 
Аз an application of this method the appropriate linear hypothesis and the analy 
M i i i 7 F a gener 
variance and covariance in biological experiments have been considered and a E im 
ў у H 2 ` 
е А : А s mS sirate 
theory of statistical regression is. given. Some examples are worked out to illusi 


theory. + ; vof aS 
In the general treatment of the problem some results are stated without p 


they can be easily constructed from the methods given by Rao (1942: 194250) 


2. THE GENERAL PROBLEM WITH CONCOMITANT VARI VPES. 


Let Y = (y, e. %) be the vector of n stochastic variates Y1. Ji > Yn and > e 
the matrix, with n rows and k columns, ofk concomitant variates, the , ohangini ) 
(i=1,2,. % in the j-th row corresponding to the j-th stochastic variate yj. Let © (Pate 
be the vector of expectation of Y for the given set of observations on the eoncom! Me 
` variates, This is expressed as ВУ: X]=© or simply E(Y)— © when there is no ambigul, 
It is given that 


O—FG'—TA'—RX' " 
where Е and С are partitional matrices defined by F=(T |R) and G (АА). TS са 
апа В = (p, p,. hie) are the row matrices of m unknown parameters 18 and А unkn 
parameters p's and A is a known matrix with и rows and m columns. 


The assumption made above is one of linear regression on the concomitant im 
and this can be done, without loss of generality, for if the regression is a general bold 
or any other linear combination of functions of directly observable concomitant were 
(such as squares, cubes ete. in the case of polynomial regression or logorithms. nen 
ебе.) each of these functions may be regarded as a separate concomitant variate. hes 
problem treated here is the case where, for a given set of observations on concomitant 


expectati ; 3 3 s й 3 arameters 
the expectation of stochastic variates are linear functions of m unknown para! . single 
л ке " d А aps being n? 

and k unknown parameters p's, the compounding coefficients for the p parameter? b 


valued functions of concomitant variates. 

If yi; Ys, . ydo not have any functional relationship we can get a positiv 3 
matrix A of rank п as E[Y—0)'(Y—) : Xj] where Е stands for the mathematica! ox}! for 
tion, in which case A is referred to as the dispersion matrix of the stochastic vector dare 
the observed concomitant matrix X. It is assumed that the elements of A are finite = 
known apart from a constant multiplier. We are not assuming any equality 0" к 
relations among n, k, m and the ranks of A and X 


"үч i : (Y) Е 
The set of equations 1( 
are known as observational equations. 


jo" 
There are two types of problems to be answered in the theory of linea" estimat 
connected with concomitant variates. j ES 
(i) Given a linear parametric fonction such ах LT where L=(l, le. hm) ва row mat! 
the problem is to find a vector B such that d iadi 2.2) 
(а) E(BY’) = LT’ independently of T and R MT 
(b) У(ВУ) is minimum. | atr? 
(ii) Given a linear parametric function such as MR’ where M=(m,m ту) is è row P 
the problem is to find а vector C such that BS g” 
(а) ECV = MR’ independently of T and R 0.0 
(b) VV) is minimum. di 


LINEAR COMBINATIONS AND LEAST SQUARES 


tric functions are said to be 
said to have the best unbiassed 


variates. 


In the case (a) i ia 
nnd if (b) | case (a) is satisfied the corresponding parame estimable 
) s t Ч i 3 H 5 + 
estimat ) is also satisfied the parametric functions are 
2 ates уе " Е 2 = 

given by the corresponding linear functions of the 
only particular cases of the general problem 


in vie 


The pr i 
и problems mentioned above are 


considere: : 
{егей by Rao (19452) but requires 


a special discussion w of the importance of the 


role of 
concomit: adt > ў Е ; ; 
mitant variates which will be dealt with in a inter seston, 


The definition of unbiassedness involved in (2-2) gives that if 
then UI" za В (BY) == BAT + BER (2.6) 
ВА — Land ВХ =0 (2.7) 

following 


Also if | 
) exi k | | | 
exists such that ВА =L and BX=0 then LT" -« (BY?) which gives е 


theorem. 
Theor 

m За. T " 7 | | 

йена vo The necessary and sufficient condition that LT" is estimable is shat there exists 
w B such that BA=L and ВХ=0. 

Fr тх кос 
жа rom the set of B’s satisfying the condition (2-7) we have to choose B such that Y (BY) 
чш is the least, Introducing the vectors 2D = (di ds - d) and 2 (i cas) of 

D angi ais 
gian multipliers and minimising the expression. 
We BAB - 2D(A BL) 2FX'B' . Q8 
Lee 
E BA-DA - FN = к e 4) 
BA=L. BX=0 „a (210) 
the | Multiplying both sides of (2 9) by ^ 1 the inverse of A. We get the veetor B leading to 
Jest estimate as T 2.11) 
Whiel BDA FN AN 4 (2. 
wit з : Е 
h the help of (2.10) shows that the vectors D e [г satisfy ME 
FA АГА „ 
8 . Qa» 
"OD X= . 


the 
net 


best А 
^ est » $ a I" . 
imate and the minimum varia 


ву’=РА’А 
DAAD“ 
il condition t 
ations 

at A=L 
yi X=0 


_px/stab’=bD" d 
T' is estimable 


Dies DUUM 
" apes 3b. The necessary and ПЕ hat the parametric function L 
> at there ear ssa ri and s, е 
ere exist vectors D and F satisfying the eq 

(D pap 

(pp Xx 


if estimable, “н 


and the "^ 
А 2 i J ils variance «Те $ (D| РАХ? 


sl ; . 
unbiassed estimate of LT’. 


K ^ 
па LD respectively. 
another form of 


est estimate. 
stimate 


2b is only 
d with the b 
d the best € 


1 theorem 
etly connecte! 
ability ап 


The 
necessary + A A PT 
cessary and sufficient condition given " 


бау ы 

„ Slven i 

Similarly in theorem 2a and is more useful 
У we hav > 

9f the par ve have the following theorems vega 

"ho. Parametric functions. 

‘orem 20 y | | 
able is th ae The necessary and sufficient condition that the parametric functio? 
А Gk Рена omi, : 2 

еннен exists а vector C such that CA=0 and ox=M. ave 
vectors (y d. The necessary and sufficient condition that MR’ is estimable 19 that ther 

and H satisfying the equations 
(СН) (A'| ХА 1А =0 
(в |н) (AIX x= 
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as it is dire 


ling the estim 


„ МЕ’ is estim- 


exist 
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and the best estimate of М В’ if estimable and its variance are given by (G| H)(A'| N') А V and 


MH’ respectively. 
The following theorem on uniqueness of the results can be proved as in (Rao : 1945a.) 


Theorem 2e. The best unbiassed estimates are unique independently of whatever may be th 


vectors F and D of theorem 2b and G and Н of theorem 2d. satisfying the corresponding 


equations and the variances of the estimates thus arrived at are the least. 


3. EXTENSION OF MARKOFF'S RESULTS 
: : И : estimation of 
In this section a simple and a practical procedure for the problem of estimation 
= Р. $ H А А : » previous 
lincar parametric functions, without laying much emphasis on the algebra given in the prey pa 
у > ; truet the 
section has been developed. From the variates of the stochastic vector Y we construct t 


variates Y А! (A| X) by a linear transformation so that 


E[YA"(A| X] -(T | R) ANNA N) 6.0 

leading to the equations Ж 
E(U)— (T | R)H^,, E(W)=(T|R)H’, (32) 

where U-YA"A, W=YA71X , of 
and (АХ A? (A | X)=(H, |н, 34 
From theorem 2b we get that if there exist vectors F and D such that ad 
LT'—(F|D) (H,|H.) (T| R)' ^ e 

then the best estimate of L' is given by (F[D) (ОМ). If (TR) —(t, te бы [а т е5 
be a solution of the equations (U| W)—(T | R) (II, H.)“ then, because of (3 5) we have Р 
LT. —(F|D) (H,|H,) (T| R)'—(Fj D) (U'|W*) 22i i. 

which shows that the best estimate of LT’ if estimable, ean be obtained from m 

yo t 


T-(tt,. tw) as defined above. This is unique independently of whatever may сап 
solution (TI В) satisfying the above equations. Following the proof given in (19452) i of 
show that the result of substituting (TIR) in LT’ leads to the best estimate if and only ! 

(i) LT’ is homogeneous in y's 


(i) (17°) = 


аге satisfie 18 8 T > " ity 
are satisfied. This shows that the parametric function LT’ need not be tested for estimabil dh 
before applying Markoff's principle of substitution. If it is not estimable either one ° n 
of the conditions are violated in which case egults 0 


р р à Hence we get the following kl 
Theorem 38. Te best estimate of the parametric Junction ГЛ" (or М В’) exists and ig 
ІЛ” (or МВ’) where T (or R) is the vector giving а set of solutions of the equations defined in 
FAAJI =T BMA © Ману (i) LE" (or MR’) is homogeneous in the stoe 
variates and (ii) H) “ (or E(MR')= MR’). 


hastit 


Since (T | R) is any solution of the e 10118 " ing resu 
| А е equations given above we get the following 1 


: Р ' TIB : А 
Theorem 3b. The vector (TIR) mentioned in rem < Р Ў 75% ату © 

: ^e IR) р ree theorem 3a-can be obtained after adding any "n 
sistent and convinient set of equations in z's and p's to the equ 3a) 


YA (A|X)-(T | В) (A'A^ A--X'A^x) and solving them. 


"lions given in theorem ( 


Р T r б T ей 
The equations (U | W)=(T|R) (Н, | H.)“ are called normal enuations and ape 0007 obtain 
by equating to zeroes the partial derivatives of | T 
: eae 3. 
X X N (yi— 61) (yj 8j) е. 
b 


when AH are the elements of A !, with respect to the param ly- 


sters 7's and p's respective 
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The a A 
analysis is eo Ё 
D * ni Met E a. Р 1 i bl 
| e with tho help of the following theorem which has been 


Woved i 
ма in Bao 619454: 1945} 

à DIM Ы u 

heorem g. Phe set i 
E of aqudions Y X144 | Xjest (De 145 


AACN) are always solvable 


EOF CONCOMITANT VARIATES. 


4 , 
© REGERES 
SION PARAMETERS AND THE STRUCTUR 
functions of 


PHY du 
rues. x parameters E "m 
üeomitant vari Pye Pgs ess Pye Whose compounding coefficients. are 
ariates, are у . и 
re known as regression parameters. In this Section some properties 
of concomitant 


of y 
. legressi 
ssion ' 
Vari parameters, sin Р : : $ 
uriates ave diseusse| simpler methods of estimation and the structure 
eusse 


thod of sweep 


|H)” we сап, by the me 
the resulting 


From 
the ami А : 
e normal equations (U |V) (|) (H 
Qu in which ease 


out, olimi 
eliminate 
equations tte the set of parameters тү. 7 =. UF Parl 
May be represented pev oe 
sented as 

к Ht hasi pars ог Ze RN’ „а (he) 
is the ах beon s РА : "(mma v i 
їн he Matrix of 1] hown (Rao: 1945a) that the dispersion matrix of (U V) в (H; |Н.) which 

"esty : ie norm; Е ue ч ti У 
^ Served even wl normal equations and this intrinsic property of the normal equations is 

Nee wn some of the parameters are eliminated by the method of sweep out. 


We oe 
t the following theorem 


and Z=EN' obtained 


Р=Т“' 
e matrices of 


and . of the equations 
jf sweep out, are th 


rom | 
+ the normal equat; ` 
pirti tI | V) w Ry |H) by the method « 


Tl 
leor 
em 4; 1 
а; г 1 
Thi dis po rsion matrices of P 


tion © 


resulti 
т А 
U equations S and X 4 
r А respeetrre y. 
"t" И | r yt 
боген da vives us that if the best estimate of LT’ (or MR’) is BP’ (or CZ!) then 
2 
y (BP?) = BSB’ LB’ e 35 
“nd ik , ns v (Cz) -CNC = MO . (43) 
1 "an "x 
wi A LIT are estimated by p, P' and Br then "s 
"ó wi й : 
“similar reg . Cov (B, P”. В, РЭВ 1 | : ( 
W sults for the covariance of the best estimates of MR and Mels“ 
1 eco Kx D. á 
D wld by any other device eliminate dis e and get the equations in p's but the above 
Syst ме Properti А „vice eliminate 1075 4 E pe Meum construct another 
Wem of es are и this ease 8 
"qu E Fungi we not usually preserved. But in Ue ЕТ that the matrix of the 
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Seti on е the new variables is the dis её matrix of the corresponding quantities which 
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3 f standard errors 
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of the equations. 


а : and Ties 
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vorn: ad Jo os are tö be obtained are 
Ml eanuations from which the best estimates are ө, re 
TAAN «= PAA +RX' atA (4.6) 
ax HRXX 
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YAUX = ТА А 
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ea, I tl 
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тезе 
gression parameters аге zero t 
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Y stima fi i TA’ are give YATA 
i hich case the best estimates of the parametric functions TA’ are given bs 
In White a> » Я 5 


Since (4.8) holds identically 


A’=A’A TAF’ .. (2) 
Pr Тере tion of boch sides of (4.9) by Е and taking the transpose we «et add 
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XP з= FA'A-ÀAF' EU Ж 
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observational equations E( 
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ation of regression parameters, The set of eq the set © 
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„) Re“ with the dispersion matrix of q as A where 
7 = Y (I—N’ and & = (I—N)X 
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estimates of the parametric functi 
and n best estimates of their co 
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= У — TOA? And &=Х, qoa 
mentioned in (4-18). Hence we get the theorem. " 
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— 73 е з : % mur oo 
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thus obtained for the estimation of regression parameters 
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construsted with the help КО E 
à he aie 
Son matrix of q to be А. 1 port 
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Possess the variance-covaria 
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the p para- 


IE — = 
A E= Rs“! A 1ё we can solve for 
meters and 


functions of regression para 
ined the vector R of solutions we can 


With ч 
meters and u - Р help of these equations 7 
se it for the purpose of estimating linear 
Having obta 


findi 
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T parameters. 


substitute i 
ute iti 5 
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get the theorem. 
tric function LT’ is given by 
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Lp. v e best unbiassed estimate of an estimable parame 
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function LT' in 

(4.25) 
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help of the following 
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LT? = LT’ ХР! pre’ 
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arameters is а 
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h The root 
VN. ке follows from the fact tha 
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above, and the estimate of 
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| uncorrelatec 
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а Cach of w} үүө” уу, LT уле po nm | ( i 
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Р € expre р 
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5. THE CASE OF INDE?ENDENT VARIATES 


i i i i Si i a parameters is 
X general problem that occurs in the estimation of regression and other par 


eta (E BIB 
xhen the stochastic variates are independent and have the same common variance wem 
в | жүз ў i i line i 

i is o? "e 1 ro" без ating equations we 
common variance is о? then on replacing A by 0° I, in the estima 1 — 
о? cancells out in the normal equations giving che result that the best estimi 
а s 
› 


ў — ‚ prüctieal 
independent ofthe value of o? whether known or unkonwn. — In this section the | 


procedure for estimation is dealt with at length and certain short cuts are = 


Let the observational equations be 


(8-3) 
E (yi) Sd, .. 70 маты m eb doit D 
E125. 
with certain restrictions on. parameters М 
5 2 


ТЫТ 


In the general treatment given above we 


А — g В ы Ийе 
the parameters but as shown in (Rao : 1945b) this does not introduce any fresh ditti 


in deriving the normal equations the quadratic 


est rietions ой 
иу but 


have not considered linear t 


form : 


NÌ (yi — б) (уу Ai) 


ador. $ . ‚ ext inmtes, 
has to be minimised subject to the linear restrictions. The expressions for the ¢ : 


а : à $ 49459). 
all follow from the general treatment given in (Rao: HH 


variances a nd covariances 


ЧИТА 
8 $ ` + ates of pa 
Assuming the regression parameters to be zero we obtain the best estimates 
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a : | ч s odi i! 
metric functions. Let eite, yit.. Cin Yn Yi be the best estimate of ayy т 057 7 Шашу 
ДИ рыс e ; х 1 : ' ; pp бшш 
when p's are zero but r's subject to (5.2). Then the i-th residual is (y, УЬ y here: 
а + H г $ 
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^s nro ^ M üs T 1 " x т i i i pum 
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(55 
^ А 
E (] bien Tos [E 
i=l 2, т 
from which we get the hormal equations giving р as 5 5) 
(5 * 
by P. -— ^c "c " 
ANE =P Eng УЬ... Lp YS, 
jJ51,2, .....,% h 
Certain short cuts are available if solutions of ling {0 
өе я solutions of the normal equations correspon’ p the res- 
of the variates are available, Starti T i i 5 ith 
У the va i are availa ble Starting from the observational equations (5.1) WI mia 
trietions (5.2) and assuming the 


it the regression paramete 
present by 4, 4,1 
on the stochastie variate by those of the 


w 
„t the ne + 
rs are absent we get И jon? 


vati 
serva 
hs By replacing the n ob? onding 
j-th concomitant y corres? 


j j 
ET ON. 


equations whose solution we re 
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ке Maia. NE (5 b) 
— / Ө А 
AY it Хану: 1,00 ани. р " 4) 
Sth Di à Н 
кы 1, Tate, — L0 Уат, „рій В 
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S sims pm dad nau bi Уй РНИИ | T » 0) 
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With 

the hel ' (5.6 

less p of (54 5 i 

£ression paramete (5.6) to (5.9) we can set down the quations (5.5) from which the ro 
‚г: are the solutions thus obtained then the 


3 fs are solved f я 
best estimate of / we solved Гог. Шиго... 
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XI (hr ente. 


d as shown in theorem 4d, so that 
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lated parts. The variance 


ariance of (5 

X (5.10) i 

of е; 10) is the 3 i 
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and if wq 
Sl h, Thi then VCC“. ti" 
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оп parameters are 
6 12 
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тв 
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best estimates of the par 
are helpful otherwise in 
Estimability can also be 
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туса hc 
Te thi ч ; 
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e individually but they 


test best esti 
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аух soly p of these solutions as indicated before. АП the eq 
our purpose to get any single solution. 


ameters 


and p 
bes PS ¢ 

yv nly А 

Elving the ly when they аге estimabl 


uations used above are 


6. THE GENERAL THEORY OF LEAST SQUARES 
tion is the à ssignment of the 
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n the stochastic 


ar estima 


The 
te hypothe 
r of parame 


at single y of line 


a numbe 
distributions whe 
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1 sis involved in the theo, 
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amietrie function or the values of 


Vari f Constr A 
lates p struction of sui ке ; 
1 of suitable statistics and their 
ances are known 


s for 
14у, rm a 3 
e ba multivari: E 
Assi been discus | tivariate normal system and the variances 
Sig asad е, à А Nim e 
sned у d fully in Rao (1945a 1945b). Ir ОТ” is: 2 parametric function whose 
v py LI’ we construet the statistic 


alue ls £ 
$ then denoting the estimate of LI 
(6 41) 


(T. 9 VU) 


hypothesis LI 
of best estimates 


v= 


T SEI . Le, concerning 


=o 
p=(P; P. Py) 


and construct 


за пом 
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al variate. To test the 
ersion matrix D 


v the root of the determinental equation 
si (6.2) 


тер 


- tro i 3 ШЫ 
Seneralj i of L,T’—é,,.., L,T’— 
е r er 


The 

5 тео ofds | p'p—vD|-o 

, statistic is to take a linear compound 
statistic XM Pi VE po. The 
19452, 1945) 


£st Т Er 


rivi " 
Statisti “АКР, РЕ the generalised variance 
Stie V; * Uf P. P ge 

V is distri p Pa, . Pr and maximise the 
stributed а cC 

8 О. ree om as 


1. The 


2 with г degree shown in Rao ( 


st the hypothesis L, T" = 
а root of the determinental equation 
transformations of the 
hen the variances 


generalise В 
ised variance statistic V designed to te 


de 
ШУ d by the PARS Leap functions and derived as 
Сорау, et еду price is invariant under linear 
“ances are тайл» is distributed as x? with r degrees of freedom и 
after з When ге k wn. | 
E € variances and covariances are not known the tests can be performed only 
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Чеп в 
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tion of statistics in the case the stochastic variates are uncorrelated and in 
variance have been discussed here and the other cases are reserved for a subsequent € 

nication. We may now state the problem as follows. ' 
ТА’. where £ 
unknown 


th q 


Given У =(у Yz- -Ya) the vector of n stochastic variables, such that E(Y) à 
is а known matrix with n rows and m columns and I (ту ren. ty) is the vector of т im 
parameters subject to the restrictions (i T В’ where G is a row vector and R is a тайы м e ы 
rows and т columns, and further that А the dispersion matrix of Y is of the form 0 /, where 


: а коо pete functions 
unknown, the problem is to test the hypothesis whether the r independent parametric func 


res- 
L,T',. ., LT" have the assigned values &,,..., Er. Some of the parameters Ts nag: ap a 
sion parameters in which case their coefficients are functions of concomitant variates. | 
Following the procedure given above let P—(P,..P,) be the vector of best pape 
of L/T'—&, .., L/T'—£,. Since the stochastic variates are all uncorrelated the estimatt 8 
vector P is independent of the unknown parameter о, The dispersion matrix of P cen ud 
this case be written as I) where the matrix D is completely known. The generalised varian 
statistic then comes out as 


я 6 73) 
|Р'Р Уор =0 a P" б 
‘Ge 
b PD“P’ 1525 ( 
y= 
g? 

А " " nator. 

where D^! is the inverse of D and the unknown prameter o? appears only in the denomina 


* freedom 
If the ^s form a normal system then V is distributed ах x? with r degrees of free 


мар. 24% ö Hine 
when the null-hypothesis is correct. On the other hand if we can get the totality of li 


functions of y's whose expectations are known independently of the null hypothesis þer 
the generalised variance statistic associated with them is distributed as х with certain ан 
of degrees of freedom. If Q—(Q, ... Q.) are s independent functions of y's whose «0 p 
tions ars known to be Ei, ..., С, and if the dispersion matrix of Q's is F ape 
generalised variance statistic 


йя ae 
ИСЕ R- 
o = - ad 
-— D. : hie 
"i distributed as X? with s degrees of freedom. If V. is distributsd independently of ^ ней 
3 distri T DART " Pa м 
is distributed as x? with r degrees of freedom on the null hypothesis then а stud. $ 


statistic can be constructed Бу 


of Wu ib anh 2 forming — of V, and У which will be pn ve he 
Ў at 5 the ratio V/V,. Тһе statistic sV/rV, is distribute un in 
variance ratio’ with r and s degrees of freedom respectively. The tests of significant? ca xin 
this case be carried out with exactitude. We will now show that such an exact test is avai d 
on the maximum possible degrees of freedom for V, and the нонии ex веба for V gn 
can be obtained by the simple device of least Squares, = Ы 
е 
Theorem ба. If the ranks of A, В and (AVR ares, t ants rene tively then there а! 
n+ k—p independent functions of the form es- ECV. those expectations are identiotlly gero jh 
Evidently (3-й) >р and d=(s+k—p) gives the numbe у 


т of independent rows af gee 


i rowsin A. Tf Efe, CY) =0 then бл 
which shows that there e hat 


can be derived as linear combinations of the 
subject to the condition G=TR’ cis such t i) 

= xists a vector D su (6 " 
CA+DR=0 and e, =D 


Since the rank of A is s, there are и —s independent vectors С 


r ‘hich satisfy (6.6) 
When D is non-null there are d vectors satisfying (6.6) piee 


. This follows from the de 
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g given above. The val fce, f 
indeper alue of c, for each of the C's is giv : 
ident füücti "s is given by DG’ Hence rof 
t functions whose expectations are zeres is | mec 
n—$-Fd-—n +k—p вт 
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The 
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are uncorrelate d 
‚ 19420) that the best estimates of parametric 
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functi 
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X FAA SR and G=TR’ 
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Where & 
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ў (ет о,, і 
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.. (610) 


x, R'—0, bx, 
At E Elo CN) 
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ch case 
ase the be: А 
ле best estimate of LT” is given by b, LBY where BI 
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rom (6.6) w 
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ыы 
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The 
"he Ore 

tric functions 
is null and t 


zeroes are 


m 6e А 

he ex » Tf the bes В 
EXpectation r е best estimates of n parame 
ector of the residual vector Y -TA' 


0 
xpectations are 


y's ( 

ae nol n 
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Mak а 
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orem 6d 2 theorem ба this gives the totality of such functions. 
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j n—s+d) degrees of freedom independently of the functions giving the best 
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р түң ‚ ceneralised 
This i idently distributed as x? with (u—5--d) degrees of freedom as it is the zen 
s is evidently 


—8- d) i f i This is distributed 
variance statistic constructed out of (n—5--d) independent functions. This is di 
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st estimates by theorem 6b. 
independently of the best estimates by — 
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Т : ee 
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" - xp АНА) | 
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given in (6.4) and use the statistic Vo?*(n—s--d)/V,o?r as the variance ratio wit t 
(n—s--d) degrees of freedom. We may now observe that if LITE [ун 


EE 


then 


r Ё : „ботов РОО" 
т more linear functions of js have zero expectations so that the generalised уа! 27 aon to 

. . * ni ^ i 
priate to totality of independent functions, (n—s-i-d-: r) in number, can be obtainet * contli⸗ 
help of theorem бе by finding the minimum value of (Y —TA^(AT'— Y’) subject to the 


This 
А . m: pre . их value. в 
tions G=TR’ and the given relations L,T’=é,,..., LI! k.. Let V, be its Y : p, of 
generalised variance can also be obtained starting from the best estimates Py. P: related 
el А 2 " Р neorre^e 
L,T’=é,,..., L,T’—é, and the residual vectors Y(I—r)—4 which are all u 


If the genera 


with P’s due to theorem 6b. The generalised variance of the | that the 


lised variance due to two unecorrelated sets of functions 
generalised variance due to P's alone is VIV. 


atter alone is Ve 


are additive then we inf к 
„ге. 


ee 


We now prove the following the 


t 
5 А ons such tha 
ae По dis. gm) and Qe (дә dis. qu) are ro sels ef unio ? WEZ 
no function of the first set is correlated with those of t 


5 Wee 3 = ulised H 
9*A, then V, the generalised variance of (Qi |Q.) is equal to the sum of V, the generali "à 
of Q, and. V, the generalised variance of Qu. 


" > “сез 
he other and have dispersion matri riant? 


sass 
З ‚ solution 3 
If L, and L, are the vectors of compounding co-efficients we get V ах йез? (6 48) | 
Е | 
LQ'iQi--L,9^,Q,—VL, A, 10 10) | 
L,Q',Q, +L.Q'.Q.=V ГА Е | 
from which by proper multiplications and addition we get (6 17) 
(У, У.) L. OLG (LQ FLQ’) Е (6-19) 
ог N 
я ; 3 рзы | p, E, | 
Theorem 6g. The generalised variance V appropriate to the best estimates of Ly 1) whe” 
L,T' Er is obtained as the difference between the minimum values of (Y—TA') (4 * qv R' an i 
minimised with respect to the parameters of the vector T subject to the restriction c= 
when minimised with the further restrictions LT- E10 | LT'—£,—0 
; c s —6,==0. уе: 
The proof of this theorem follows from the results of theorem 6f and the diseussio® abo yi? 
ow : 8 "ne obs! 
This leads us to the following procedure in the theory of least squares. The © tested 
tional equations аге E(Y)—TA' with the restrictions GR The hypothesis to 0 


may be put as Н=ТЕ’. The hypothesis can be 


tes the ВУ” ine 
у = - А ested when and only when pta f 
equations H —TF' аге not inconsistent 


with G=TR’ be 


OR) by li К and the matrix F’ can ye? > 
from ү R) À у ВЕ Шай Of its row or columns. If the minimum, ant № 
(Y--TA’) AT- X) subject to GTR“ and G=TR’, H 


—TF' are denoted by Y” 
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then V 
„and V, are distri 
: istributed as X? wi —s+ —std,+ 
is X? with (n—s+d,) and (n—s+d,+d:) degrees of freedom 


respectivel 
‘ly where d, is Ds 
d, is the number of independent vectors in R derivable from A and d, is th 
nd d, is the 


addition 
ial number i 
йере Р 
ndependent vectors in F derivable from A and s is the rank A. If the ranks 


of А, В, 
А, K, (A'| R^), RE 
(R/|F') and (ARF) are s, k,p,r and t then d,—s--k—p and 
m сап be obtained from other 


d, 
+d, =s 
2=s-+r—t. In any parti 
- any particular problem these degrees of freedo 
рер c ч : 
'onsiderations, Т ы V. V. #— 
ions, To test the hypothesis H — ТЕ’ the statistic — € is used 
d, У, 


üs 
as the y 
degrees of freedom. 


Тһе 


arianee rati " 
m we ratio with d, and (а= di) 
mnimum vi А ` 
values сап be uniqualy obtained from 

(УТА?) (ATY) ‚. (618) 

equating the p 
zero. We thus 
number of variables 
This covers the case 


artial derivatives of 


Where 
arrive at the 


3 T is any s А : 

Taare ape the equations obtained by 
general theory ied subject to the restraining conditions to 
ог the paramet f least squares without making any restrictions on the 
9s неин or the rank of the matrix of obser 
certain other stochastic variates whose expectations are lin 
отац y ficients of regression parar 


ational equations. 
ear functions © 
being functior 


parameters f regression and 
а Шеше neters ns of con- 


üriates, 
s independent linear functions 


distributed as X2 with 5 
another method of caleulating the 
es of freedom associated with Vo: 
sum of squares gi VV 
]f the parametiré 


а ppropriate to 


"in 
ce the ge š 

generalised variance statistie Vo 
the hypothesis is 


Whose expectati 
: ae ie — ага known independently of 
Number of Eun it follows that E(V.)= This gives us 
Ps need — лара linear functions 
f TA — АТ” only the expectation value of the 
etions ТА’ Be ) whens T is the vector of solutions from norm 
are estimated by GF“ where о=ҮА, F is a matrix wi 


c 
olumns and 
ith » elements then 


degre 


or the degre 
minimised 
al equations. 
th » rows and m 


А бан 
а row matrix w 


3 (Y—FQ'—A) 
( V =K(Y —0) qo") BIr -H N [rQ —E(FQ?] 


—=о0*(п— trace of AF’) 


6 19) 


Jements of the matrix АЕ’. This follows 
ametrie function 18 


Where 
LT’, а single рат 


the 
fre © trace of AK’ i 
— the fact th ч АЕ’ is the sum of the diagonal е 
"lvo at аш е 
en by Le'o? i variance of CQ/4-D the estimate of 
ence we get the following theorem. 


) 


stimated by QF’+A then the degrees 
restrictions 


П 


Theor 
of 7 eorem 6 Ж 
Y freedom of V 162. If the parametric functions тА' are e 
(y- nay -A subject to assigned 


is gi th НЕ! 
"i e i 
Siven by o the minimised sum of squares 


(n —tri 
trace of AF’) 
ICAL EXPERIMENTS i 


D BIOLOG 
is of data from 


consider the analys 
these experiments 


T 
IN FIELD AN 


COVARIANCE TECHNIQUE 
may 
of observations from 
parameters. The nature of the linear, 
of suitable functions a5 observa- 
quares have been discussed 

is carried out After а 
h special reference to 


Ме 
San appli £ 
Di ч 
А] апа "e gene of the previous analysis We 
ld experi ` 
experiments. Certain functions 


eir e 
Xpectati 
a 888 1 Я à 
ations as linear functions of unknown 1 
construction 
nethod of least 8 
f the question 


] language wit 


biologic 
i" th 
Уро; 

Чоп, desis iny 
else 


* olved in s 

l equations d in such problems and the 

se Where (Ra s amenable to reduction by the n 

‘ang m 0: 19 № s 

d Slation of the 944). The mathematical treatment 0 
parti "pr i i 
experiments particular problem into mathematica 
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nay енер ей 
The problem is to test whether one variety is nir to soothe ina ee, 
Я We cannot utilise the whole of the specified region nor is it desirable to < cem 
зня lots at random for one variety and a certain number for the other. Е m- 
nr dius be tried one after the other on identical plots without vitiating ne pe 
seher So we choose sets of plots adjacent to one another which are -= -— bn й 
us consider а block of I plots and imagine that the yields on these в plots with resi 
hypothetical variety area, 0, . . „ о. We define the quantities m 
B= (ai C d) /K, Yi gi, Xx, —0 - uem 
If any given variety is tried on the i-th plot then the observed yield y may be suppose’ 
the composition 4 0 
Vai bre BH +e ated 
where e is a technical error due to experimentation and is such that its average oe wp 
experimentation under similar conditions is zero. The parameter т may be called - ? the 
of the variety. Ша, £», ..., 4, are s concomitant observations besides the yield 4 — às 
composition of y may be written, assuming linear regression on the concomitant alti 3) 
y—B- 7-4 pin sui Pate’ E «nr 
The parameter 7 in (7.3) may be called the effect of the variety corrected for ae а 
tant variation. It is clear from these definitions of effects that these are deviations edi 
hypothetical standard so that the superiority of one treatment (or variety) over the 1 
be gauzed by a comparison of the effects alone. If, for any treatment of a given " б 
ments, variations in the comcomitant variates alone produce significant variations H! tl 


5 «feld 
м " " «exiens OL у! 
then the comparison of the treatments must involve the elimination of variation 
due to differences in the values of concomit 


1e yield 


ant variates alone. in 
If the position of the plot for which the given variety is to be tried is determi 
rancom from the plots of a block then the 
Which case for the observed ве 


ed at 


‚жей 
vate й 
. acetic varia 
observed yield y becomes a stochastic 

t of concomitant variates T RE 


trs 
E(y) —B--7--E(u;) + pia. pans К(є') dio 
Втр. her, А 
for 


Е (э) (Eo and E(e') —0 

ЖЕ» -Yx are observations on Ё v 

ticn of position for the varieties and аута... „да are the values of the s concomit 
ccrresponding to the i-th variate then 


„mint 
E | term 
arieties tried on f plots with random d o8 


ant varia 


- 


© 


8) 
EY = 8 Tri T pi. ржи 

нЕ 
constitute the observational equations corresponding to the 
4, are evidently correlated with equal correlation for any tw 
the set of equations (7.5) we can construct k other equati 


able? 
map varia 
k observed yields. The У rom 
o and have equal variance. 


ons. 


q 00 
B=(Ey/V k, R NI 

1—], 2, (8—1) a 7 

such that 21,;=0 and Ell, —0, ЖЇЗ =1 

1 1 n n 

with the consequent relations a 8 
А EGB) (Хғ) /{ k--g4 ktp (1) EL... (1 9) 
E(R)—Z lj тра... . 


i—1,2, » J) 
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з он 9 | , 


1 
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ted but B and R; are subject to different 
Ned the intra block error denoted 
aused by £, the technical 
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In this se 
MN = scheme all the variables are uncorrela 
ne variance to which Ri is subject may be ca 
ation in B is e 


by oeh. For 
wa o in possible random arrangements the vari 
е which may be represented by og. 
* = 

nds of elements, in b sets of 

s and the i-th and j-th kind 

ailable can be used in aetual 
arieties, or more generally treatments in the 
Tf we assume that the intrablock 
case it is intrin- 


A desi 
sign may be deti - 
ау be defined as an arrangement of v ki 


kı 
CEN 
s ky elements suc à я 
s such that i-th kinc time 


of elements occur tow ў —— € 
experimentation w m . in Aij sets. Such arrangements when av 
case of factorial e á п involves the testing of v v 

al experiments, by choosing the sets as 
fertili 
a block) then it is 
from the experil 


blocks. 
ty of the block (in which 
theoretically adv 
nent may be of equal 
treatments (elements) belong- 


below only as an illustration 
ts is used 


error is of 
is of the s 
same mazni i 
1^ magnitude irrespective of the f 
antageous 


sically 
y connecte k 
ted with size and number of plots in 


to cl 
1008€ blocks of 
Weight, Th =" of equal size so that all comparisons 
й e elements are i m 
nents are identified with © treatments and the 
We discuss 


ing to a set 
a block. 
ich of the v treatmen 


ато ussinnecd я : 

the particu] issigned at random with in 
ar case 

case when there are b blocks with k plots 


Y times, 


and e: 


We 
may » y я H 
у set down the observational equations as. 

„„ A) 


HET) pee 
Das ol 


value of В for the i-th block and 
b sets of (k—1) equations of the 
equations. Estimation and testing of hypo- 
yf rs 80 that all linear combinations of 

take the b(k—1) 


Hence we may 
This can also be observed 


tion and testing 


being the 


Corre 
i-th block and 


sponding 
àT is the ing to the observed block totals, Bi 
ja х 
type (7.9) um of treatment effects from the 
altogether bk 


c functions € 
missable. 


fro 
m cach block giving 


lesis i 
is is conter 

Observatio; erned only with parametri 
А їз involvi 

nvolving the block totals are not per 
al equations. 
at the problem of estima 


ariates with equal У 


observation 
rive 
hastic У 
meters. 


*quati 
tuations of the type (7.9 l 
уре (74 ) alone as 
We thus ar | 
ariance d 


After f, 
г forming the 
t stoc 


of кү а 
f hypothe Yormal equations. 


I) independen 

ions of рата 
Denoti 

noting the effect. of the i-th variety by 7i and the rr 

st estimates 


sis involving b(k 
neters by Pis P2? 


having the 
ng that under 
5 


йт абаны 
xpectations as linear funct 
egression paran 


are (observit 


s Ps the 
" 1е normal equations leading to the be 
Ondition a » 
PAN PETI DI --= and & Ih Kr MI › 
2 i 
. (7-11) 
оф = 20 a- E мї = Srp Qin» 
and k j k р 
S(yxi) — sto) a0 
se 12) 


=à REAIS (b) 
У bp ri) +X ICD [2 р 100) | 
minus the means 


Whe ;—1,2 
те Q; "Te АТ : vois 
9f the m sum of the observations оп the 2 variat r the p p* 50 sum of products of 
ari curs 
riates for blocks in which the i-th trenton occ А à 1 observing атм 
sates rom = 


e 
> Vari 
Tables 
iscussed u and v, 26, ) total of the w 
earli Р Ў 
arlier, the solutions ti are given 
hc ети” 


1 
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where 11% are the solutions of 


ой Se puted 1 
0, (у) CU lj 2 k lj Е (7:14) 
i=l, 2, ,U 
and tim are the solutions of 
EM STET .. (7-15) 
0: (2) = 7 i to и [m 
and substituting for t; its expression t; —xryt;'? in (7 12) we get 
T,,—Va = Er, (Ты — Ум) (716) 
TA. 
үа i эё 
^ Уң = БЛ” Чик) = ЖР Qu) gamn 
T, —S(yx SU | 
$us Wa 2 (1.18) 


T= Б(алау) — SE e 


Defini T VII, Е i Е ч res 
usd ша Te- Va, Ej T;;—V,; which may be called the error sum of square 
Products, we get the equations giving the regression parameters as 
A : 7:19) 

Ey = Try EI (i, 2, . 8) 
estima У = 633100 

To get the estimates of i we use the formula (7 43) with the values of regressio! 


parameters as obtained from (7 9). As shown earlier 


Vit) = V (4) VCH : ^ 
| Cov (116) — Cov (11 ov (Уи) (Xt) p 
for each of which the expressions c: i E d 
mam pressions can be easily deduced following the discussion in the nd 
To obtain the generalise: 1 
generalised variance due to error we take the minimised sum of square? 
^re = 
| X[S(ly) —S() — p,S(le J-... i ui | 
which on reduction comes out as LC 
á S(ys — yb] — 
(y?) EU mE Xn" Qily) 
х} S(yz,) SL gf 
у — LIN 0 32 
l £ R ~ mL nQa(y) | 
., 7 E., "T (7:23) 
Let the degrees of freed J 
ЖЕ” Е Е om associated wi is inus the aum 
of ыы independent parametric edi. Pu ES " "p de etes eee " uh. 
priate to test the hypothesis whethe 511 78 and p's, The generalised varian ues w. 


r certai " 5 

ti 97 parametric functions have assigned V^ gener 

— 5 ee by the hypothesis and subtract E 16 the 

ев reedom associ А А ча. 

- x Ssocia: ; i eq 

arametric functions whose val S NE ыы 

Thus, if the as BN iG 
o. 2 * ag to bs tested is Н=ТЕ'/ wh | is r 

minimise (7-22) subject тр, here the rank of Е is 

J to H—TF' and construct the generalised variance 
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minimise (7 :22) subject to the resttic 
lised variance due to error, the degre 
number of independent p i 


es are assigned. 
ye 
we ha 


e . 
8 atistio 
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Subtr, ; 
acting (7 
2 — ae ` 
minin (023) from i The F 
mum e; и. The for P E Е 
nics, Белые ier a M formula (7 -23) and the previous analysis sugges Е 
ed with the help of the rt idual уесї кше prie 
Sidual vectors. 


solutions of 


In this case we find. the 


least square 


and [S 
мүм) =) 13M) 
- „ (7-24) 
Sisde) РР 1.8 
y 21, 2.8 za SB) 
ag the solutions t's for 7's. 


subject to H 
stands for the 


Denoting u 
10 by substituting 


TE at 

p" i кв h caleulate the residuals 
‘sponding duals -by ТӘ 

ding solutions we рхо) = $00] and Б )—$(И)] where t 

; and products. 


can construc 
construct the following sum of squares 


E^, ISM 8002 X809) [8() 8001 


E'po -SIS(ly)— S Qu [Sp y-sun] 
УЗИ) i8) -800] . (081) 
ч The nii E. — X802) S0 s(t) „ı (238) 
о р, mimum vi = р 
the РЕ’, 0, In Pape m given by с’ о" ро where г’р re solutions of 
азе of general observational equations E(Y)-TA-RN^ of which 


follows. 
— subject to H=TF' is 
Dn cst) and т and ё 


i: i isa 
а com 
plicated case, we may state the rule as 


a Ta 
-© The 
Г minimum value of (= ТА’ _ RX’ 6 — AT'— 


T + 
Gro * —у 
^ resin VS aud 
un iM’ where r's ar 
Subject 4 u Sectors oble e r's are any solutions of Si zz зА 
0 tne 
в. the re stristi ~ from the observational equations Е(Ү)= 5 and Е(Х)= TA’ 
S a stions ИТЕ" 
Cage $ 
Se the Use 
we А 
may consider the testing of the hypothesis тү=т= „ту. In this 
sum of squares is 


nor 
nale 
quatio 
1 ` r 
15 become inde ependent of 7's. The minimised 


Where ЗР я [За $) LE 

WI » are solutions of Te- LT, un p ee (7 :39) 

Whore ғ ' _ 
Ais 4 ae are us define T= Ты | ‚М 30) 
by th, “Wetions wh ved in (7 418). The : generalised variance due to (у—1) independent para- 
ose values aire assigned is Ser by (7: 20) —(7 23). The test is supplied 
eee as the variance ratio 
reserved for а 


With . bitte au -29 
200 —(7 23)]/(v — DC 23) whieh is d * к 
eases is 


and d deer à 
egrees of freedom. The application to 


ubs 
Sec 
uent 0 itio 
^ communicati 
В n. 


e technique. The ex- 


ithmetical dis 
of significance o of 


eg е 

jg cu Sen Us arrive at a scheme of ji ant covariant 

аен, is vision of the ar 

тее y fects wie 
1 the regression parameters are 


N ic 
den h Supplies the 
necessary correction terms lea 


lig i 4e regres 


cussion. 


ce and the analysis 
f significance 


ading to precis 
additional advantage to be gained in 


ly the у ;stematie scheme of computation 


e structure О of the experi 


ctior 
їз, the 
ws of variance foi 


ssion 
Which hat they — ате significant. 
Ce iv 
an be ear i: e us in а simple manner пово оп 
d out merely as a routine but: 


nent itself. 


8. COMBINATION OF W 


es as discusse 
but known ntis. 
à 
ed as 01 20° 


express 


Ben, The 
er gen 
the, "Al case of ү, theory of least squar 
о 
tineta o? servations having unequal variances 
1 0 of the obser vations ys: Ув 


53 


can be 


to 
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7 Janobe 
where ol, , o are known quantities and о is an unknown parameter, p ke. 
a Kronecker matrix with 1/o,,..., 119, as diagonal elements, If from 3 * ТА 
the vector Z by the transformation Z=YW then the observational equations a alil 
transform to E(Z)—E(YW)—TA'W and the dispersion matrix of Z becomes 6 
o is the unknown parameter defined above, 

This problem can thus be reduced to the сазе | ий 
variate y, we consider the variate i ii anl in its expectation we divide the € 
pon ling coefficients of the 7 parameters by o 
testing of hypothesis with new variates 
the rank of which remains the 


T X the 
already discussed. Instead of 


" estimation and 
‚ and proceed to the problem of estimatio 1 
а? ional equations, 

and new matrix for the observational eq 


sad 
LIE s be reduce 
same. The theory of weighted least squares ean thus be 
to the simple theory of least squares, 


Ás an example, we may consider the 
of regression. For a given value 2; 
has the mean value Вх; and variance o? 
for all x arrays. For estimati 


. А ‚ theory 
following problem which occurs in tlic inte y 

Eli: conan e variate w the stochastic varia be a 
of the concomitant variate the stox west 


so that the coefficient of variation of y eter. P 
A arame 

on and testing с? hypothesis concerning the apes ye gu 

: k я 4 Г ЕИ 

from pairs of observations (21, 31); (£e Yo) и 


„ (Xn), we proceed. as follows. 


here 

s > ^ ^ Н ә „% * 

are observational equations then they transform to E(z) = В „ —12 that the 
* x " e : " SO " 

- 211/5). The normal equation leading to the best estimate of В is хал 


=g 
estimate of @ and its var 
from the least squares У 


that the value of B=B.,. 


est imated 


m ^ are — Р, | 
lance are H NZ and hypothesis 


on respectively where o? is 
(2; —b)* with (n —1) degrees of freedom. To test. the 


we use the statistic 


И e" (81) 
t—(b—B.)4 n | v X(z, —2* 7 (n—1) 
and refer it to the t distribution with (n— 1) degrees of freedom. 4 
gical а! 
This treatment of line biologie? 


ar regression may find 


an applenticn in seme 
the mean value 


other problems where 
variate and the variance incre; 
Steady. As for instance the 
paddy and the vari 
ficient of variation is a plausible 
coefficient is the most efficient 
be tested as above. 


omitant 


: P " " A e fil a conc А 
Inereases in a linear relation with the € ins 


В jn rema 
ises in such a manner th à f green 
01 p 


istic 


at the coeficient of var 
weight of dry paddy is linearly related to the weight jf cot 
ance increases with increase in the green weight. The constancy m 
hypothesis in which case the above estimate of the reg?" 
and any hypothe 


( 
9. THE THEORY OF STATISTICAL REGHESS'ON, 
In this section some tests of signifie 

are derived with the help of the 


the stochastic vector Y=( 


ance connected with the regre 
results derived т Sections 4,5 and 6. The obser 


d 
z : 2 indepené 
: SOON + Yn) are taken to be distributed normally and ig 
about their expectations with a common vari : 18 * 


lance о? 
е г В „азе 
TA'--RX' where А, В and X are аз defined before, with pi 
Following the method of analysis outlined in Sec 
giving the regression parameters ag 


The expectation vector 

H H da 
*ome restrictions on the 7 em 
. = i 
tion 5 we can write down the equa 


ters. 


X тёр ij + 


E br АЕ, 
11,2, «2. 4 


" (5 19): 
where the residual vectors £, 7 and the methods of calculation are given in (5 9) А 

А dai -hole 
Due to lemma 7a we get the residual sum of squares when minimised with the who 
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the solutions of (9 1). The 


parameters т’ 
тз an 's ns vivi y 

d p's as given by y N riy! where T's are 
the help of theorem 6a or 


de; Trees of fr 
ps freedom associated with this can be obtained with. 
no Let this be f. 
ion are certain linear hypotheses | 
—0, then it will be testing 
the i-th con- 
„..=р=0 (фе. all p 
rrelation coefficient. 


theory of regress 
hypothesis is P: 
t of the stochastic variate on 


1 Mam to be tested in the 
the ани P елинен: If in particular the 
Comitant ance of the partial regression coefficien 
parameters to be testsd is РР: * 
j f the multiple co 


If the linear functions of the P parameters are estimable 
est estimates and variances and covariances, 
P. ars the estimates 
is the covariance 


Variate d i 
ие. d£ the hypothesis 


are zeroes) 1 H . : "m 
zeroes) it will be testing the significance о 


Tw 
kom Ы Wo methods are open to us. 
De set of e "T г : 

We с equations (9 41) then from their b 
d d variance. If P; №: 
„ps and edi; 


an bui]. 
lup the appropriate generalise 
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hypothesis. If the hypothesis is pj=0 then in the equations (9 “a Ed 
. T Tf ri . rx“ are the solutions then the sum of squares approp! 
hurt. Bx iom RA изу with 1 degrees of freedom. — 
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à postulate of Von Mises regarding the limit being unaffected by a place irepl e 
ipn d iven а precise mathematical meaning. We shall discuss these objections in gre a : 
pre T dius sequel. Meanwhile we call attention to the fact that difficulties heir А 
pressing the second postulate of Von Mises in precise mathematical language has | 


an axiomatie approach. ИРЕР 
(iii Kolmogoroff, Cramer and others define probability of an event d a В t 
number associated with that event and then lay down certain axioms expressing p vility 
damental rules for operations with such numbers, thus making the theory of Ж d diii 
a part of the theory of additive set functions”. Objections have been асць ae аб 
theory too. In the first place it is urged that an axiomatic theory of Probability is in ee 
utility than a similar theory of Electromagnetism or Gravitation. A theory of an condi 
must in all circumstances remain a theory of certain observable phenomena. . mi 
probability is defined as the ratio of the measures of sets of points and the measure ofa 
tinuous set is ambiguous unless it is separately defined. e 
(iv) Ап entirely different approach is that of Jeffreys’ who has given am pe 
mathematical development of an idea of Keynes viz. probability is the degree of iecit 15 
belief which a proposition merits on given evidence. Jeffreys’ fundamental Bye 
that every proposition p on data q has a unique numerical probability and that probs 3 how 
of different propositions on different data are comparable. But he gives no indication 
this number is to be assessed in any given case, Majority of the statisticians and athe 
cians have therefore rejected Jeffreys’ approach. There are a number of other obje 
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iacere to and an improvement over Von Mises’ definition of ШШЕ 
the ө definition based upon the existence of, what I sah а porum е мана 
duced. Consider the infinite collective and the sequence (Sa) of Lo US i be il 
being equal to s/n, where s is the number of ‘successes’ in n corals, We shall say : m bes il 
to a “quasi-limit” p аз п tends to со whenever the following conditions hold. 

denote **quasi-limit" by q-limit as well. 
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Inequality (2 -6) holds for T 


where "> (1—1)т. Thus the numb 
which lie within the 


of this sequence ( 


terms out of the m terms ба Suis. 
er a on 3 8 5 

of the terms of the Sequence Su, Sages ++ Sem 
1—) 
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m. Hence the number of t 
9 gue cannot ex 


J nei 
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5) which lie outsid. 


only 
uence whi ceed mn. Now 


range 
Possibly lie within the rang 
ies outsid, t Е 


n > 7 "9 
range pe. Hence, n А 1 
e sequence с Ў a i gie І 
reper ders Д £ quence & — Bess, lying outs 
But the number of terms of the & | 
s Sequence 8 ; ithin р’ 
exceeds т (1—3) by hypothesis. onga Sun.. Sn, S am lying within p 2 
"Therefore ma 
| =) ога. pn 
arbitrarily sma]] Humb. Henes p p- P Which “ontradicts the hypothesis that 7 i5? 
The addition and product Tule of p babiliti | 
of the quasi-limit definition 0 ili 9» 


sis 
“= сап also be easi the ba 
iv. Sily proved on 

given above pro 


і 
| р 
LI 


| 


Addition Rule. Consider. а collective 


THEORIES OF PROBABILITY 
ral mutually exclusive outcomes 


of events with seve 
quency ratio of A, and s'[n that of B in a series of n trials. 


A, 
2 B. . . Let s/n be the fre 
ler Pa — 

the frequency ratio for the event A or B is clearly (s s/n. 
tends to quasi-limit p and s'in to quasi-limit р’. then 
Let Sus , Su s and 


We have to prove that ifs n 
nds to infinity- 


(s s Ti T" 
a „ will tend to quasi-limit p> p’ when n te 
In (Ss М : ч " $ Ё S 
s/n. By hypothesis given £. any two arbitrarily small positive numbers, à, and 
т terms of Зы» Swe с Stem Where 


ты can be found. such that [Shs -p| <e holds for 7 

ü g^ qn. where n>n, and mm, And also JS“ р'1< 
ны, Where * % for all un“, and m>m', Let N, be greate 
Then for n Ns and in M. 


d, and , i 
„* and M,be greater of the numbers mo M'a 


e holds for 7 terms of Sats . 
r of the two numbers 


In. 1 S'. | 
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s for eee 
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For the p " 
number of terms of За nie | Sym for which S. Se does not hold 
Hence 


most m]. 
not hold is 


e does not hold is at 
the inequalities do 
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is at mos 
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other or both 
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' number of к 
nber of terms for which one or the 


at most 207) 
mutually exclusive outcomes 
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th trial in the second 


events with several 
utually exclusive oute 


with that of i 
eral mutually exclusive out- 


in a series of ” trials of the 
probability p of the event A. Let 


in trials of the compound collective 
the compound 


Py 

* um Consider а collective of 
„бн а second collective of events with n 

st collective 

nd events with sev 

ratio of A 


by assi ff 

б ao the result of ith trial in the 1 

comes (A pg у collective of compou 

first Piceni. , И В”) ete. ete. Let s/n be the frequency 
e; then quasi-limit of л exists and is the 

compound event (A, A’) ir 

t us now pick up those items of 


can be only 5 such items. Of these s items 
We assume that quasi-limit 
s pq. In other 


n 

ianuas cc dur рин 

Шш, мосу, the two collectives. Le 

there will pe nich the first event is А. There 

of fife exists е тч be only » in which the second event is А. 

Words the ита We will now prove that quasi-limit of 1 
3 у of the compound event (А, А’) = probabilif, 


given th: 

hat A has already oceurred. Or, P(A,A^- PA) X P(A"| A). 
and m, for any 920 such that 
whenever nan, and эл me 


[s exists and i 
y of Ax probability of A’ 
SÍn(— S. exists w | Since quasi-limit of 
values of 11 - we can find no E Sr for m. 

1,2, . % where * „= 
can find so and Ме such that 


exists and is q we 
, and MÉM,. Let 


p»M(-— ) whenever 5228, 


so big that s the frequency 


p/s(=8's) 
.. M where 


and at the same time 


E Similarly since quasi-limit of 
|: 
: q| <= for p values of 1,2, . 


У m 
ay ee LL S А 
. „Sn Now take n> No 
c holds for т terms of 


2 $ ñ 


=j 


n 


Then, S P| € 


Ел: 
ры n trials 25. Also take m greater than ms- S por Э 
quence Sni ое Sum such that 72. (1—3)". Now suppose im (п-т) trials 
à sufficiently large. @ can be made as large 
en as above 


By taking ? 
arge that O M. Hence for such m and n chos 
ence Bar 565 8e where p> (1—3)0- 


first e 
E: event, A occurs 3-9 times. 
8 7 please. Let us take m 50 ] 
8 
„Se holds for p terms of the sequ 
ency of the 


compound event (A, A’) in (n+?) trials. 


No 
w £ ES 
Уши = — » ё being the frequ 
nyi’ ` : 
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Then if in () trials the first event A occurs St times, 


Оа али BE. Sac 2.90 


“ons sb moli 


But S,j;—pzd-0; (9; being a positive number I) for я values of 12. % and 


5’ Ide (8, being a positive number <1) for p values of /—1.2.. .... 0. 


Now from the relation. (2:9) 


NL 


| Enig | = | 8ъл S pa | 
= | (9=55'.е) (pedir) —pq. | oe (EMI) 


SQ bee o say. 


for all Lui, Eus . Ensi ... Хала except at the most for »75--85-(m--6)j terms. But 
Im, hence the above inequality holds for all Tus, Enas ... Lum except at the most for 
mm terms, when mzm,. 


"Therefore, given two arbitrarily small positive numbers o and 21 we can find п. and 
m, such that | У... —pg| Te holds for т terms of the sequence X, OE лейб. ЗАТО 
т>(1—27)т when n>n, and mzm, 
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A 
STATISTICAL APPROACH TO THE PROBLEM OF CHRONOLO 
OF SHAKESPEARE'S PLAYS. SE 


py М.К. YARDI, LCS. 

Sind 
plays, the main effort of recent scholar- 
style and metre. A 
this problem, 


rof Shakespeare's 
nce by à close analysis of 
application of metrical tests to 
orked out the percentages 
for each play, and then, 
1885. 


ih eom the time orde 
pront dani i = supplement external evide 
but most ne iiu ре already been done on the 

ч it is unsatisfactory. Professor König. for instance, has Ww 


of the i 

metrical chari 1811 ч ; 
rical characteristics to the total number of blank-verse lines 

ests in his Der Vers in Shakespeares Dramen, 


onard and his disciples in their attempts 
fferent acts and passa 
table to anyone with 
who describes them 


' En comparison, established several t 
ar methods have been followed by Professor C 

composition of di 
1 be hardly accep 
Chambers, 
edge goes, n 
Tt is, therefore; р" 
em of this kind and t 


ges in each play. 
the slightest 
as statistical, 
o one has yet attempted & 
oposed to show how 
o indicate their 


oo the intervals between the 
methods, to say the least, wil 
and even Professor 
So far as MY know 
trical data. 
to a probl 


know 
1 m ledge of statisties 
8 


ceptical about their validity. 


statisti 
cal examination of the available me 


satisfactory statisti : 
wctory statistical methods can be applied 


limitations, if 
s, if any. 
not bothered myself about the various theories - 
which have been advanced by some 
Į have taken the plays аз 4 whole, 
гей only those parts which 


1 may ех М 
may explain at the outset that | have 


} of collaboration, i p à в 1 0 

Shakespeare: : interpolation, abridgemen ant iege. 

except. The 755 scholars on the slightest metrical grounds. 

are eon aming of the Shrew and Henry! ТИ for which | have u 
mly ascribed to Shakespeare: 

to utilize the whole body of collected data. Most. 

distribution of prose 


of it he | 
had to be rejected cither as havin, hironological value like the 
ike the light and weak endings; studied by 


Again j 
gain it has not been found possible 


stress and 


| 
| 


Or às be} 
wp sparse to be of any statistic z iy the ха dations of 
pause 5 J. К. Ingram, Of the available metrical kem 8 3 x аў ге no reliable 
AN p to me to have some chronlogical significance. Ber m Maced ES d 5 
gures for the distribution of “inverted stresses " 4 nd so 1 had to omit them from consideration 
suishable Уре of stress variation are the redundant final 
а ате borrowed 


altore 
from n ipw out by Charles Bathurst. Table 1) for these 
tain irs Caras his aceuracy is not above s qe 
of his pum language became less and less formal % it h : j А 
but also ; ghts, and so in its last phase we ipis ; a high вы 0 d Г. 
these » аач tendeney to end а speech in mid-line- à y (s Wie j 
$ difficult, because (1) it is largely subjective nt persons, 
(2) it depends 


ge. 


(col. 1, 
As regards pausatior 
the growing complexity 
verflows 


The figures 
п, it is almost cer- 


thy 
as maki 
ak „йай Е 
ing verification impossible, and 


whic} 
n 7 : 
the may not faithfully represent Shak 


espeare's usa 


enumer: a Е 

myself herator is consistent and confines himself to strong pauses: ; ^ 

А : i ё a ince these 

with the rough counts given by Professor Chambers (col. 2, 3, Table 1). " ine De 

у | i i is is акеп a 
peech lines in а play, t™ ta i 


Counts wi 
* will obviously vary with the total number ofs 


а fo 
urth vari 
h variable (Fleay's figures, 
] inaccurate 


col. 4. Tabl 


as to 
be based on rough ane 
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TABLE l. CHARACTERISTICS AND DISCRIMINANT SCORES 


x у 2 w discriminant scores 


* * ; D 
Name of the Play (1) (3) (3) (5) (6) " (7) 
1 Henry VI 2 
2 Henry VI, 3 
3 Henry УТ, 1 
4 Richard 111 
5 Comedy of Errors 
6 Titus Andronicus 
7 Taming of the Shrew 
S Two Gentelmen of Verona 


Love's Labour's Lost 
Romeo and Juliet 
Richard 11 
Midsummer- Nights Dream 
King John 
Merchant of Venice 
Henry IV. 1 
Henry IV, 2 
Much Ado About Nothing 
Henry V 
Julius Caesar 

As you like it 

Twelfth Night 

Hamlet 

Merry Wives of Windsor 
Troilus and Cressida 
All’s Well that Ends Well 
Measure for Measure 
Othello 

King Lear 
Macbeth 
Antony and Cleopatra 
Coriolanus 
Timon of Athens 
Cymbeline 
Winter's Tale 
35 The Tempest 

36 Henry VIII 


адашышы eee eee ibe ite 


3929 
3018 


и Е final syllables === unsplit lines with pauses 
4 — full split lines m 5 es w pauses 
1 w= total number of speech lines. 


Тһе chronologica] proble 
groups and then to deter: 
or metrical evidence, 


m is essentially to divide 
mine the successio, 


I have taken only 
of twelve plays each by а casual ex 


Windsor which is alloted to the see 
what linear combination of these four variables a, 7 
the groups as large as possible 2 The problem, рге 
cation of the method in section 49 . 


Ж 
; юс or fou 
the plays roughly into three o 


hin the groups by means of extr. 
апа divided them into three ae 
trical data except Merry Wives 1 

basis of externa] evidence. We now 2777 
and w will make the differences bet" e 
sented thus, easily lends itself to the appli- 


2 of Fisl ers Statisti 13 tots for Res list! 

cal Meth ods Research Wo i 
the applica lon of this method 16 is necessary that the Variables EN ре norm: 
| t Б 2 


buted within the groups. It was found by the use of g, 0» tests that 1 were norma 
’ : э v2 Vests that x,zand w we 4 


(or very nearly normal with а slight kurtosis) Within the groups as well as for the totals. W. 
а logarithmie transfor maticn was found necessary to make the CRE mei 
В а > е 


mant coefficients 
tain the sums ОЁ 
айс expression аз 
га Р 

26 to avoid too many fr. 


n of plays wit] 
thirty-six plays 
amination of the me 
ond group on the 


por 


distribution of y normal. 
In order to find out the discrim 


variables x, log y, z and w, we first ob: 
It is convenient to write the quadr; 
has Кєєп multiplied by 


‚ four 
а, b, cand d appropriate to thc e 
Я ай 
quares for the groups and for the = dis 
"he d 
а symmetrical 4 4 matrix, The V 
actions, 


264 


THE PROBLEM OF CHRONOLOGY OF SHAKESPEARE'S PLAYS 


TABLE 2. SUM OF SQUARES FOR THE GROUPS. 


zx a b c d 
ч 28145110 39356664 
> 36360 -672 20180 408 
5 : ` 33846614 -5040430 
20189 -408 -5040430 44441222 
=e — > 
TaBLE 2A. TOTAL SUM OF SQUARES. 
m a b [3 d 
й 59116114 
, к 30952 -908 
e 5412982 
d 59116114 55944284 


d. which will make the ratio 
as large as possible, it is necessary to solve an 
lement of the first matrix, à multiple of the 
d, then the determinant so formed 
rgest root of this equation can be 
alues of @ and then 
alues ob- 


In order to find the values of the coefficients a,b,c and 


of the first of these expressions to the second 
equation of the fourth degree. If from each e 
second matrix is subtracte 
quation. The la 
the determinant for chosen v. 
following two tables show the v 


corres x : 
responding elements of the 
when equ: " B 

hen equated to zero gives the required e 


most с — в А 
ost conveniently found by evaluating 


applying the method of divided differences: The 
tained at six chosen valu 
largest root : 


T 
ABLE 3, 


VALUES OF A 4 


es of à divided by 10%, 


AT SIX CHOSEN 


VALUES OF 0 АХ 


and the successive 


р THEIR DI 


approximations to the 


VIDED DIFFERENCES 


Р? "divided differences 


second 


third fourth 


— | first 
и аиры —— iE — 

0 0000 

= 23-2112 | 

+ )9 -8013 

“6 

8 
— 


ТАв;в4 S 
BLE4, SUCCESSIVE APPRO 


XIMATIONS 


à To obtain the coefficient 
alue of ө and subtracted from that fcr the grou 


—14738214.60000 a 
F 4055 .43382 а 
—10539258.20000 а 


< 


49 


393 
0003 


—4055.4338200 b 
— 5.9550091 b 
— 6383 .0164700 b 


265 


—30702 -80 


4 


TO THE LARG 


49406 439 
49490 -015 


s, the matrix for the 


EST RO 


OT, FOURTH DIFFERENCE BEIN 


6293091 


second 


third 


618010 -0 
593097 


)97 -3 


total sum of squar 
ps; 
10589258 . 20000 (9 

6383.04647 с 
—1 5340824.50000 c 


es is 


to give the following 


multiplied by this 
equations : 
—462381 28.4000 d 
== 37739.1006 d 
45073197. 4000 d 
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As only three of the equations will be independent, if we take {һе value of b arbitrarily as 
unity, then the values of the remaining coefficients will be 
a= 00038648. e=- -00019325. d=- 00016664. 
The discriminating score evaluated for each play is entered in column 5 of Table 1. 
It is rather disconzerting to find that we cannot proceed further with the problem 
without limiting the scope of its inquiry. There is no means of knowing the distribution 
function of the discriminating score, which would enabl 


e us to determine the succession of 
plays within the groups. 


In fact, it is not even possibie to guage the power of our rough 
grouping, as the number of groups is too small to judge the 


linearity or otherwise of the group 
means of the score. 


It is, therefore, necessary to take only those plays whose dates are known 
or whose chronologi al order has been fixed at least with some certainty by reference to bd 
ternal evidence and to inquire if the changes in their discriminating score exhibit any lincarity 
ofregression. If it does, then it would be possible to determine the 


order of the plays of doubt- 
ful date or regarding the date of which the 


re arc differences of opinion among Shakespearean 
critics, by locating their position on the regression line. The order of the plays so taken is 
that given by Professor Chambers in his William Shakespeare, and 1 do not think that there 
woull be any great measure of disagreement regarding this among Shakespearean scholars. 
Plays which are supposed to have been written during the course of the sa me year are bracketed 
and the averages of their discriminant score taken. The calculation of fitting Tchebysheft 
polynomials can be greatly simplified by the use of Table XXIII of Fisher and Yates ‘Tables 
and are set out below in а compact form: 


TABLE 5, CALCULATED VALUES BY FITTING POLYNOMIAL REGRESSION TO DISCRIMINANT SCORES 
> 


Hen VI 2&3 


1 i 58 11 Ham 73 
2 Hen VI I 81 12 Troilus 1 161 
3 Rich 111 1:38 13 AWW 1:72 
4 Titus 83 9 
5 RJ& TGV 125 15 . Oth 1 89 
6 Rich l1 & MND 1-10 15. де 1:92 
7 John & MV 1.44 17 Corio 2-18 
SC LANE TUN 120 15 Суть 2.15 
9 MAAN & Hen V 1-06 19 wr 2.13 
10 JC. AVL & TN Їз] AX M 2-13 
20 Temp. 2-10 
21 Hen УИ 2-12 
difference sum n БЧ me e — ims 
73 A e. sums of products — 
27 Te ink inna eee 
66 term S(S x) regression sum of squares 
-79 = 
48 Ple ЕТ 
1-14 -500879064 
is 022267638 
132 ~ 000336962 {И 
75 - 000168071 161586555 
1-29 -00002721 1 -090100913 
1-54 2 x: РЕШ 
р ma 1 823956534 
5 
56. 
н 51 di residual mean square 


= 4455 


The first term accounts for a s 
squares of the remaining four 
straight line adequately 


ubstantial Part of th m 
е total iati the mea 
terms are all Б, variation and 


н the resi ачан "M 
describes the changes and its ommo: a "ord 
U= 7204 ＋ 97645, | 
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stand Merry Wives of 


Loves Labour's lo 
Hiner’ а 
Taming of the Shrew, Timon of Athens and 


THE PROBLEM OF CHI 


E. E — EN Comedy of Errors, 
i y plays, W hile the position of The 

ith, ТИВ and [sth respectively in Table 5. 
t groupings of the thirty six plays : first they 
tioned by Meres and the 
dies and tragedies 
assifications ате 


The s 
same method was tried with differen 
first sixteen plays men 


including tragi à historical plays, come 
ES cut ial — The appropriate к for these cl 
E columns 6: = ет E 
lable XXII « ee я and 7 of Table 1. For the former grouping, applying the method of 
4 ) MTS "EM r "ү, . m р 
about 71 per ce n wi and Yates Tables, it was found that the first two terms accounted for 
= 0118-4 -1 e the total variation, giving the equation of the regre; 
The Табет аке] t | 0029 =. This also gave very nearly the same positions for the plays. 
hardly acc assification had to be abandoned tote lly i 

У ассо >й уйй 3 

unted for 55 per cent of the total variat ion. 


The Жы no difficulty about placing the Comedy of Erro 
Meres and E. p have closely followed the Henry VI plays. whie 
Probably the " thenetares must have been off the stage at that time. 
Pointed out by чн of the vear 1591-92, which fits in with the allusion in III ii 125, first 
Play was writt y veobald, to the Civil war then raging i Tt is just possible that the 
Sent out by Q = айй айша shortly after the expedition of Norris and Essex, which was“ 
it seems to h: — Elizabeth in aid of the Protestant cause. As to The Taming of the Shrew. 
to the sam ave been written shortly after Titus Andronicus. pers has come 
e conclusion, after identifying it, by the method of e h the Love's 


La 
hon 
rs W 
Won mentioned by Meres 
tion а useful recapitulation 


were divi 
ivided i 
mainz d into two groups consisting of the 
ing twenty : , 
g twenty : and next they were classified as 
discriminating score 


опа] parabola as 


as the variat ion due to linear regression 


rs and The Taming of the Shrew. 
h are not mentioned by 
Its date is most 


n France . 


Professor Cham 


xclusions. wit 


of the dates arrived 
it before 1590, relying 


Fur 
rness gives i 5 

gives in the Variorum edi 
Sarrazin and 


at by exit н 

on Шы for Lore's Labour's Lost. White, Fleay a" 

Chambers gi in the play: 

the 8 в as the most probable date. The metrical ani 

Many ea Dosen, 1 would, therefore. place it in the spring of 1591-9 
allels with Puttenham’s Arte of English Poesie (1589) and Sir 


read 
t ( 159 
590 а А 
) and since it must have taken some for Shakespeare to have come 
en some sor modelling or “augmentat ion” 


manating from the Nashe-Ha 


d Furnivall put 
while Tieck. 
alysis would class it with 
2. as the play has 
Philip Sydney’s 


want D 
of experi ; ; Е 
experience and immaturity of style 


time across 
t of re 


hese 
publicati 
ations. T 
ns. There appears to have be 
rvey war would 


of the 
э play by 
play by about 1593-94, as the parallels er 


Show 
As ri 
Si в regards 7 А "u ew , ; Е А 
Ens of "кы s The Merry Wives of И indsor, its metrical composition shows unmistakable 
ness — — . $ 
‚ unless its original version was by another author, аз Wilson and Robertson 
vised version of the 


later and re 
January 1593. But 


and there is 


us believe Ў s 
believe. In fact Fleay thought that it was à 
y for Henslowe in 


Tealous (y 

j '5 Comedy, produced by the Alleyn compan 

"us much ev; y other plays of Shakespeare 
evidence to identify № exclusively with The Merry Wives. Fleay's view seems 
re, unconvincing theory of Pollard and Wilson 
в before 1593, which were revised 
h began in May 1593. 
quired for production 


W. 
ould have 


ealo; 
usy i 
У is suffici 
ciently a prominent motive in man. 


© fit; 
in well wi 
ll with the most adroit and, therefo 
kespearean play 
sU men whic 


а 
Out th 
Ne exis 
istence of a group of non-She 
ur of “Strange $ 


and 
abrid 
Zed hastily for the provincial to 


put in cold stor tilit was re 


Ossib] 
y th 
' & lat е play was written early but“ rage un 
ег date, р í 
Dr 
соц ч zd has placed Timon of Athens ir 
eir “similarity of temper and partly on " 


partly on 


fter King Lear 
Chambers 


netrical g s”. Professor 
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= в» 
: DCN Р РЕА чаг 1605-6 - 
puts it after Coriolanus as “it would be hard to find room for it in the already full у‹ Mon m 
ies > time for its com] osi ‚а 
The statistical analysis gives the same year as the most probable time for its com] 
it may have preceded King Lear. 


" . "Jarene- 

Regarding Macbeth, the metrical evidence seems to confirm the opinion b pat 

don editors that in all probability it was a new play when Forman saw it at n + ж р кө. 

in April 1610. Otherwise, they argue, he (Forman) would not have been in РЕ stionally 

an elaborate summary of its plot. The allusions in Act И, Scene III to (1) the oue : rn 

low price of wheat in 1606 (Here's a farmer that hanged himsclf in the спаса! y cadi b 1606 

1 4), (2) the doctrine of equivocation and the trial of the Jesuit Garnet in the ыз ges ап 
for complicity in the Gunpowder plot and (3) the fashion of wearing short hoses (He 


ix a lower 
i А А Я : TA е : arely fix а 
English tailor come hither for stealing out of a French hose, 1.14) would merely 


А р tilliam Warner 
limit to the date of its composition. It does not seem right to suppose that Мат 


ich 
added an account of the Historie of Macbeth to the new edition of his Albions England ben 
appeared late in 1606, only after seeing Macbeth. Even more inconclusive are T die of 
and parallels in the Puritaine or the Widdow of the Watling Street (1607) or in the a their 
Caesar and Pompey (1607), as echoes and parallels can work both ways and may OW‘ 
origin to a different source. 


le 
r , 3 est ions he mac 
I thank Professor D. D. Kosambi of Poon: for the valuable suggestions 

from time to time and for general guidance. 
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SAMPLE SURVEYS OF CROP YIELDS IN INDIA 


By P. C. MAHALANOBIS 
Statistical Laboratory: Calcutta. 


HUBBACK’S EARLY WORK IN BIHAR AND ORISSA. 

ag work in India carried out in 1923, 1924 and 1925, 
ling for Rice Yield in Bihar and Orissa by J.A. (later 
w retired) which was received for pub- 
927 by the Government of India as 
The method developed by 


an) Deshmukh, 


An account of early crop-cuttil 


La civ е an important paper on Samp 
Tender : net of the Indian Civil Service (no 
"cffe = = 1926 and was published in 1 
емей 66 of the Agricultural Research Institute, Pusa. 

е as uxed a little later in Central Provinces by C. D. (now Sir Chintam 


у, — bwo other officers of the Таша Civil Service. Hubback’s paper also in- 

rk outside India. Prof. R.A.Fisher in his memorandum dated 2 March 1945 
Council of Agricultural Research, Government of India, stated : 
| of random sampling iS 
and economy 
carried o 


theoretically Т may mention 
was demonstrated by an extensive 
ut by Hubback (later Sir John 
er a greater part of the 
arliest crop-cutting 
here in the world. 


addressed to the Imperial 
sound. 


Tm 
The use of the methot 


that its practicability, convenience 
series of crop-cutting experiments on paddy 
Hubback, Governor of Ori 
rice tracts in Bihar and Oriss 
the 


zu) more than 20 years ago ОУ 

So far as I know these were the e 
andom sampling anyw 

f my methods at Rothamsted." 


experiments based on principle ofr 


l'hey influenced greatly the development о 
however, out of print for à long time. With the kind 
printing it in the current 


ә тт . 
2. The bulletin has been, 
уге 


f India, We e much pleasure ir 


permissi Ё 7 
ssion of the Government О hay 


issue of Sankhyā. 
e Sample 


moir on Large Scal 
draw attention 


Page re- 


aper in my me 
e I propose to 
nal paper in full. 


ed to Hubback’s P 
Та the present not 


ler to read the origi 


" 3. Ihad briefly referr 
Surveys (Phil Trans. Vol. 231 Series В). 
ng it to the reat 


to af 
ew st io 1 H 
w salient points leavir 
t reprint. 


fen 
endes Are e 

ces are everywhere to the presen 
int was to criticis 
t that time and 


jal methods 


haracter of offic 
ts of India. 


ethe unreliable с 
t in large par 


P 4. Hubback's starting po 
esti i jeld , 
imating crop yields which were & are still umren 
3 те а 


He observed : 


a guess, at which 


o make 
ector of Agri- 


police officers t 


for the local 
t Officer, and the Dir 


All that is done at present is 
r, the Distric 


in succession the Subdivisional Office 
culture guess again". (p.282) 

He poi ; i 

i pointed out that in the official method an attempt is made to select typ} 

ive fe a 

m fields for crop-cutting work which “depends entirely E 
e officer to select", and went ог to say : 

imating the ауе 

nd then picking 

hat his income i 


al ог representa- 


for ite accurac the ability of 


e of the population of 
out а man, who looked 


(p.283) 


corp ; А 
The method is comparable to est: rage incom! 
a town by watching the streets for a few days а 
to be in average circumstances and discovering W 


E 
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Hubback also observed that in the official method “there is no possible way of I 
what is the probability that the result of such selections is within a given range from. the 
true mean yield". Не then stated : 

“The only way in which a satisfactory estimate can be formed is by as close an ap- 
? о as the cireumstances permit. since that not only 
gets rid of the personal element of the experimenter but also makes it possible to "d 
what is the probability that the result of a given number of samples will be within 
а given range from the true mean", (p.283) 


proximation to random sampling 


As far as I can trace this is the first explicit e 


DT. * " . е ing 
nunciation of the principle of random sampling 
for estimating the yield of crops, 


5. Hubback refers to the earlier work ip 1921 in which att 
up fields at random, but points out that “in this method it was necessary to find out the date 
on which the crop on which field would be ready for harvest and to arr. 


on that date." The practical difficulties involved in the 
search for another method in which 


should be random in both time 


6. For crop-cutting work in India, cuts of the 
standard for a long time. Hubback used a special 
prising an area of only 1/3200 of an 
to enable the investig 


empts were made to pick 


ange to visit the village 
above approach made Hubback 
‚ as he acutely observes, the distribution of sompling 
and Space, 


size of one-tenth of an acre have been 
apparatus giving 
acre. His chief 
ators to collect the samples wit 
he noted that it js usually not possible to colle 


of an acre, 


a triangular cut con- 
aim in reducing the size of the cut was 
hout much trouble or fatigue. Tn fact 
ct a large number of cuts of the size of one-tenth 


7. The margin of error of the final result received the closest serutiny From a care- 
ful analysis of the extensive data Hubback came to the conclusion that cuts of a small Size 
" * € ы S dao К 
were fully adequate, Не observed : 
“Tt is no advantage to take a 1 
where the crops will natur 


arge number of samples from places very close together, 
of accuracy is not ser 


aturally be very much the same on the same day, The degree 
lously improved by such Practice is 
no need to take large samples instead of the h | 
A sample of one-tenth of an acre is merely 95 


Technically Speaking there 


This explains why there is 
obtained by my method. 
Samples taken in juxtaposition 
individuals of such groups of samples wh iter E, — wp E 
standard deviation divided by the Square root of the ане al t; lite 
inapplicable”, (p.286) ‘Ae number of samples, qt 


ich 


This gives in a few s 368 he y 
g w sentences the central idea of the йн f x | Tom 
nearly 10 or 12 years later, “ace function' аз used in our W 


| Nagpur 
chi forms а part, in th act, on the Chota Nagp 
Manbhum, and in the alluvial G 1 1e broken country of Sa, Dara Bd 
d anget Р Santal Parga 
(p.287) getic plain of North Sant 


» 
al Parganas and Gaya“. 
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Hubback observed : 
«The me ЖОКЕ 
e method is applicable to small or large tracts. The same number of centres 


will probably vive a sli 

А pe vive a slightly greater degree of accuracy for a small and a slightly 

88 "(ree ^r ar И 

= ‹ Китев for e larger tract, because the standard deviation on the whole increases 
ith the size of the tract, though not at all rapidly. (p.286) 


Hubback had kept the question of 
rvations, he showed in 


ata comparatively 


9. It is remarkable that throughout his work 
With the help of actual experimental obse 
acticable and would give, 
actical purposes. 


cost prominently in view 

fact that s; с: > 

" ve sampling by his method was entirely pr 
small cost, final res 5 уа E 

ost, final results with sufficient precision for most pr 

10. ее OT " ; P 5 

Besides crop-cutting experiments, Hubback also made a number of important 

For example, he emphasized that the 

practically all years some 

tween the planted (or 

in September, 

sown 


Observations : 
ations regarding estimates of crop acreage. 
folda | ‘evidently not the area planted or sown, since in 
$ bear T EA EC 
ar no crop worth cutting”: and noted that the difference “be 
when the rains stop early 


. He pointed out that the planted or 


harvested area was 


SOwn) area ғ 

si ) area and the harvested area in à bad year, 

may we 2л es ; 
ay well be 50 per cent all оуега sub-division” 

He actually observed : 


area itself w а 
а itself would vary from year to year. 
a is sufficiently accurate. It 


It is usually beli 
| is usually believed that the estimate of cropped are 
nay be ief is intuiti | 
E ay be. but the belief is intuitive rather than rational". (p.287): 
ла pointed out | 
1t would certainly be а great advantage if the harvested area could be obtained by 
some form of sampling". (p.287) 


is the — — He himself tried a method in 19 
not "ue ne attempt to estimate crop acreage by the me р 
andi а ied with the method, and he noted that “the field work is strenuous and tedious, 
йүз 5 that it would be in practice shirked, and Rem fudged”. He mentioned 
es re iiie) ies, but concluded with the observation: But it is still possible that some method 
Similar lines may prove practicable”. It is interesting to note that he had also pointed 

area under field ridges (ails), and of making 


of husking paddy. 


al Parganas which as far as І know 


25 in the Sant 
a sampling. He was 


thod of random 


out the j x 
importance of taking into ec sideration the 


reliable esti 
le estimates for the loss of weight at the stage 
ffect of deviations 


igation into the e 
f£ what would 


earliest discussion О 
done in more than 
ns of yield rates 


fon: n "à an аре һе gave а detailed qm 
be - E band As far as Тат aware, tbis is "- еа 
с ^ = 8 н WE т he $ 8 
one stage. 5 hod of determining the 1 the sampling 1 
: : ack had also investigated how 


conforme. 
ormed to the normal curve. 


error wher 
far frequency distributio 


с of Hubback’s work, it must 


be re 13. For a proper appreciation of the real significane 
membered that it was so late as in May 1924 that the Bureau of the International In- 


Stitute "aea ы E der 
Це of Statistics appointed а commission for the purpose of studying the application of the 


Tepres А 2 
presentative method of statistics, and that this report was presented in 1925 and published 


ethod of purposive selec- 


in 1926 е У 

c 926. In this report considerable prominence was given to the m 

n, but the importance of method of random sampling had not been fully realised. As 
ctly influenced by Hubback's 


already Р : 
ady noted, Fisher's own work at Rothamsted had been dire 


& * 
& рег, Hubback's work was also the starting point of mue 
atistical Institute in Bengal and Bihar since 1938. Р 
k's work must be 


14. Agasti ЗВ historical background sketched above, Hubbac 
The paper itself is quite small and gives 


h of the work done by the Indian 


consi " 
idered to be a most remarkable achievement. 


71 


t2 


A: THE IN у JRNAL OF STATISTICS | Part 
Vor. 7 ] SANKHYA: THE INDIAN JOURN 


; tutas classical papel 
i hort compass a masterly «liscussion of the subject. It truly constitutes a classical pa] 
inas S > Р = $ 

which deserves careful study even after the lapse of 20 years. 


DESHMUKH’S WORK IN CENTRAL PROVINCES. А 
15. Immediately after the publication of Hubback’s paper in 1927 маа _ 

taken up in 1928 in Raipur district of the Central Provinces of India by C.D. (now Sit 
man) Deshmukh, Governor of the Reserve Bank of India 
Indian Statistical Institute, and was continued in 19 
work with special reference to applications in the as 


and at present President of - 
29 and 1930. А brief account. of this 
ssment of land revenue was ^ 2 
Deshmukh in his report on the Settlement of the District of Raipur, 1926-1931 ade 5 
the Government of Central Provinces. A little later Hubback's method had been used 53 
Mr. P. S. Rau, I. C. S., for the sampling of rice yield in Bilaspur. 


16. Atthetime of my visit to №: 
Congress in January 1945 I happened to be st 


" р ‚ pequest he very 
ауте with Mr. Rau. At my request | 
kindly traced the original papers 


which 
and sent me 21 books cont; 
19 books relate to Deshmukh's work in F 


а good deal of search in Governme 


aining original entries out of ne 
Viipur, and 2 books to Rau's work in Bilaspur. i rial 
5 s E У » materie 
nt offices | was informed that the bulk of the 


rod 
cM ‘ ROM "Ча ‚ destroyec 
containing the observations mada in Bilaspur district had | y de 


эзоп unfortunatel 
Some considerable time ago. 


17. Deshmukh's material consists of 1517 cuts in 1928, 1447 in 1929, and 1920 in 
1930 making up a total of 4884 crop cutting e 
that the figure 4384 for the total numbe 
Settlement Report is ev 
the substitution of the fj 


1 y 
К in passing 
xperiments altogether, (I may note in | 


: А | : 28 of thie Raipur 
r of cuts given in paragraph 93 on p.28 from 
idently a printing mist -— 


gure 3 for the correct fi 
available relating to the n 


ake which had almost certainly ar 


1 8 8 
аё WIES «l, entries V 
gure 8.) In the original record, en 


The 
ame of the village, the variety of paddy, irrigation factors etc. ished 
material is being analysed in the Statistica] Laboratory and a separate note will be publis t 
| | 0 : А $ est 
later, The village entries make it possible to c. 


| ‚ requ 
атту out a two-stage analysis. At my red 


Mr. C. R. Rao undertook this Work, and has Supplied the 


following material. 
18. Let 012 be the ү 


ariance between the 
villages, and o,2 


average rates of yield per pe 

"ari " ^ $ . e 

the variance of the rates of Yield per cut Within a village, and let % P к 

noh e s "ol The esti- 
number of villages included in the Survey from each of which n, fields are sampled. n 

mated variance of the average rate of yield per eut for the whole 


cut of 
the 


regionis given by 


с? с,2 

Ny тут, 1 
"ү ot ivag B pees 
The following table gives the values of оз and c, and the mean yield in tolas рег cut Wake 
on the material collected by Deshmukh in Каір à | 


aipur in 1928, 1929, and 1930. 


TABLE 1. ESTIMATED VALUES ОЕ 


MEAN YIELDS AND STANDARD DEVIATIONS : 
RAIPUR 1928-1929, 


year 


we estimated values of mean yield 
и о, с, рег cut 
2 1517 5.2 5 
1929 1447 2 23 7 iN REA 
1930 1920 4-96 6-36 14 00 
"00 
19. From the 


above data it is possible to 


de 
of villages which would ha 


уе 


cuts 
per village, the number 


А of 
termine, for any given number 0 


паве 
to be sampled to reduce the pence 
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error of the estimate i i i 
estimated mean yield to any assigned value. The following Table 2 gives relevant 


figures for a. percentage error of 3% 
| бе 
Ты 7? Es 2 " 
PABLE 2. ESTIMATED NUMBER OF VILLAGES AND SAMPLE-CUTS 
(PERCENTAGE ERROR= 3%) 


year number of villages requiring to be sampled for 

] eut 2 cuts 3 cuts 4 cuts 5 cuts 
1928 434 314 269 248 ^ 280 
1 : 214 120 89 13 64 
1930 366 253 214 196 184 


20. The i е 
20. e te А " А Б E 
important point to be noticed is that there is à substantial reduction in the 


number of vi 
op P de — А when the number of sample-cuts is increased from 1 to 2 
Mixers баня — - = size used by Hubback, Deshmukh = Rau (or by the Indian 
dee nee ore test ly pus is no Сох in collecting a number of cuts in the 
Шагай pm \ a group of adjoining villages. The use of sample-cuts of a small size is thus 
А nomical. 
fici i чэ, в also worth stressing. From Hubback's own data and also 
ated values of the variances based on Deshmukh's material it is clear that 
cuts would be quite sufficient to give reliable estimates 
for a whole province. For example, using 
highest) it appears that less 
bly over the 9 different. dis- 
rate of yield with an error 
and would in any 


> a number of sample- 
ligatos bran of the rate of yield рег a А 
thas 100 els ata ter 1930 (the year in which тагон were 
Шы in ba "dm with one or two cuts Hi each distributed suita 
less than = entral Provinces would give 

2 per cent which should be adequate 


сазе reac "e à 4 
reach the limit of physical fluctuations. 


the provincial mean 
for all praetical purposes, 


LATER DEVELOPMENTS 
Bengal (under the general 


was done in F 
with the technical 


ment Commissioner, 
including an area of 27.04 sq. ft. 


22 

x 2. In 1938 eatensive crop-cutting work 
Supervisic NI > ar Ы 

ion of Mr. Н. Р. V. Townend, then Develop 


help of 

)0 8 aq S 
p of the Statistical Institute) with a square wooden frame 
of the triangular frame used by Hubbaek. Since then a good 


have been ша the Indian Statistical 


have been four-fold : 


Or just ; 
n dye about double the size 
eal of intensiv: i 
Insti = nsive studies of crop-cutting work 
stitute, The chief obj D i igati 
e. The chief objects of these investigations 


de by 


actual E e шө the standard size of the sample-cut and appropriate specifications for 
arvesting in the field ; 3 

in Te — settle the — and c 

attain any desired degree of precision in the 

ient organization of the 


listribution of sample-cuts over the region under survey 
final results ; 


human agency including the 


control QE. study the most ее 
of recording mistakes ; 
the >. ашу possibilities of using auxiliary measurements having correlation with 
yield of dry grain in the case of cereals and dry fibre in the case of jute. 
23. Size and shape of sample-units. During the last 5 or 6 years extensive experiments 


ha 

ve bee ый | ; 

dur cen made on sample cuts of various shapes and sizes, and using many different proce- 

та hi 1 H + 

1 among which may be mentioned the following : Hubback's triangular frame of size 
27.04 sq. ft.; cuts of square and rectangular 


q. ft. ; Townend's square frame of size 
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hi › demarcated by ropes and pegs and of various sizes ranging from 1 sq. ft. ie = 

и ow бей acre ; eus of circular shape with radius of different lengths such as 2“, 4. 5 i d 
Eo Вотан, with the help of an instrument first designed by Mr. J. M. Sen Guta e 
Statistical Laboratory and then improved in various ways. The circular cut is being us 
at present as a standard procedure in Institute work. 


; В ч : mnallsize № Fully 
24. An important question is whether the use of cuts of a small size is f t 
же Н Thi : Я е d 7 $ sti » practically 
representative and unbiased. This has been and is being studied by the Institute pre id of 
every year since 1939. From the theoretical point of view, cuts of a large size wou 
кы” ; i : ; : : - É aries. 
course lead to a relative under-sampling of the portion of the field near the bound: | 
^ T" z; 2 z . d de: г » eut. » the 
The undersampling arising in this way varies roughly as the ratio of the size of the cut to ү 
` Nh»: io qi e s tc 
size of the whole plot assumed to be of a square shape. This is a sampling bias, and is : 
ES = ; Б " В ч сег >i atior 
be carefully distingu'shed from the bias, if any, which may arise from the personal equi 


В В А Э . А " H inder 
of the investigator in the actual process of harvesting the cut which is the point ! 
consideration here. 


25. Broadly speaking, it was found by the Institute that with cuts of a very small SEN 
when these are demarcated by pegs and ropes, there is a tendeney for over-estimation of the 
rate of yield per acre. It was found however that this tendeney decreases as the size of the 
cut is increased, and practically vanishes beyond about 50 sq. feet under normal conditions. 
It is possible that when a small cut is demarcated by pegs and ropes there is tendency for the 
investigator to be over careful and to pull in a few of the bordering plants which should pro- 
perly be allowed to fall outside the rope. 

26. With circular cuts of a very small size there 
creeping in which may however be both positive (over-estimation) or negative (under-estima- 
tion) depending on the investigator. On the whole, when the wo 
of different investigators, these tend to cance 
cut, as far as can be judged from evidence at present available, appear to be without bias. 
Another advantage of using cuts of a circular shape is that no bias can arise due to varying 
directions along which the crop is sown. 


$ А " М 8 times, 
is some evidence of a small bias somet! 


{ „= ber 
rk is done by a large nun a 
H yreula 
l out so that results obtained with the circ 


27. Variance function. The variance function, that is 
increase in the size of cuts, has been studied in gre 
out by Hubback, there is comparatively 


" ance with 
the decrease. in variance 


inted 
at detail in the Institute. AS point 
little gain in preci 


я ; t phe 
У У sion by increasing the size of t : 
cut owing to the existence of positive and usually high correlation in the yield of plants n 
adjoining portions of the same field. This has been fully 5 one 
by the Institute in recent years. From the point of v i 


ч „rk d 
borne out by extensive work 
therefore, by using cuts of a large size. As pointed o 


jew is, 1 1 e an 

ew of precision, nothing is to Бе r n 
a 

ut by Hubback, cuts of one-tenth 0 


artments, are e 
28. A far larger number of cuts of a small size 


Deshmukh’s work in 1928-29-30 had shown ( 
by the Statistical Institute) that 4 or 5 san 
of adjoining villages would give results of a 
about twice the number ог more of v 


ed, 
acre usually used in Government Agricultural Dep ntirely unnecessary. 

2 ire ese 
у , , time. 
can be harvested in the same t 


А work 
and has been corroborated by subsequent wo 


oup 
ple-cuts collected in the same village or in а аа 
bout the same precision 


om 
: as single cuts collected de 
ilages. As the greate 


E = т part of the total cost arises по 
journeys which bave to be undertaken from one to another, it is clear that а reduction 
in the number of villages (made possible by using cuts of a small vals would mean much less 
expense when the work is done by a field staff moving from Шаов to village. If the sample- 
cuts are harvested by stationary investigators (who do the Work in the «a neighbourhoo 


village 
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e able to collect 


a each such investigator would b 
ould lead to 


of their norm: 
eir normal place of residence) even ther 
ple-cuts of а smaller size which w 


in the s ime 

E ame time a much larger number of sam 
distinct sain in precision. 

indicates that sample-cuts of a small size would 

ation is the greater ease and convenience 


circular implement, as this is bound. 


29. Avail: : 
be . Available evidence thus distinctly 
^ more ec A à > 
vi wi economical. Another important consider 
th which such cuts 
ich such euts can be harvested, especially with the 


toi 92 5 = 
o improve the quality of the field work. 
As already noted, since Hubback's time 


ng that coefficients of variation 
Two to three 


b. Density: and total number of sample-units. 
ental evidence has continuously accumulate 
ize are quite small and of the or 
y randomized in both space 
with a precentage error о 
The use of с 


d showir 
der of only 50 per cent. 
and time should thus, in theory, 
f the order of 1 per cent 
uts of a comparatively 


for cuts of a small s 
tbe ag sample-euts. properl 
Ro vei t value of the yield per aere 
нба - be шр sufficient for all practic 
" ге is thus entirely unnecessary SO far 

or Dm TE had also emerged from 
efficients of eins с for large tracts eie only slightly greater gus the variance on со- 
ван beon id | 1 ; or much smaller bracts into which the whole region may be sib diae 
of more recent im | "9 пе pa by Deshmukh's data, and by other material collected in the course 
surveys. The same number of sample-cuts distributed at random over à single 
vince would thus su mean values with percentage errors 
The cost of fielc hus depend almost 
ve to be obtained. 


al purposes. 
as precision is € 
Hubback’s early work, nat 


oncerned. 
nely, that variances 


pply 
1 operations would t 
parate estimates ha 


distric 

nu or over the whole prc 
ich w 
ch would not be very different. 


direct] 
у on the number of districts or regions for which se 


rations of c 
higher stage 
advance in 


ost make it necessary to 


s, namely, Zones, 
the Statistical 


ed, conside 


As already not 
Units at the 


use 11 apad mistakes. 
calls, cde. н sampling in crop-¢ 
Шарон. os fields can be and 
however x he location of the sample- 
weighed by hi ne by the investigator ; the sample-cu 
by two "hs Hs In the survey of crop ае 
fen: more independent investigators. 

nce, Possibilities of the occurence 0 
h grea 


utting work. 


$ random in 
within the field in the final stage must 


t has also to be harvested, threshed and 
ossible to have the same field inspected 
nple-cut сай never be harvested more 
{аз as well as of gross negligence or 


are selected а 
cut itself 


reage, it is p 
The same sa! 
f unconscious b 
ter in crop-cutting work. 

obstacle, under working ¢ 


tes of yield of crops per 
ontinually 


onditions in. 
acre and 


del; 

leliberate dishonesty are therefore mue 
the greatest 
ates of ra 
cen solved, but is being ¢ 
records in сгор- 
lue 


33. Thi; 
Bengal This indeed has been found to be 
and Bihar, to the securing of reliable estim 


the t 
0 
tal outturn of crops. "This problem has not yet b 


antly made to secure unbiased primary 


f course ofgreat Và 


o being tried and are 


me of these methods 


Studi 

тес 

Cuttin ен attempts are being const 
work i à 

g work. The method of independent net-works of samples is o 


Ins Я 

fea a avara eontrol. Various other methods are als 

is piv with different degrees of success- A brief description of sor 

en below : 

ten Seam a net-works of samples* (rep 

туи istical Institute has been using for the last 6 

random 11 ss et-works of sample-units. In each zone 

аге ри of sample-units is separately completed) 
ered consecutively. It is thus possible, to divi 


p survey work the 


years replication in the form of two 
(within which the act of 


s they are located; 


lication).—1n cro 


or region 


the sample-units, а 
de the whole set into two (or more) 


*n 
This 
Ї E 
Phrase is due to Prof, В. А. Fisher. 
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random sub-sets. For example, the odd numbered sition ME 
м v 1 the even numbered sample-units. These two sets woulc E es 
сано s vw bin мея cover the whole zone ог region. Informaton for cach e ei 
5 Он эуе party of field investigators who work under different — 
um d А aai in 
ай cui such interpenetrating net-works of ваз ріали аге ira eig a 
10 obtain two independent estimates (of crop acreage or of crop yield) for E ` E ite 
difference between these two independent estimates immediately 9 5 н ке ай 
effective margin of error and thus indicates to what exient the survey hac 
under statistical control. 


В D n jelds 
35. Control through variance function. In crop-cutting work (for men of Pea (m 
per acre) another kind of control has been found most еш, In the Inst celum sizes 
standard procedure is at present to obtain cuts of a circular shape "9 of a folding 
harvested by a compact instrument which implement consists кешп; = -ot with a. 
arm which can be opened out to various lengths (2’, 4’, 5-74", 6“, and 8'). A Г апа 
stump about 12" long is driven vertically into the ground at a point selected БЕ еей 
the arm is placed on а socket arrangement on the stump in such а way that it к 
freely in а horizontal plane (i.e. in a direction perpendicular to the pivot) and desc! ые id 
of various sizes. A small pointer is attached at right angles at the free end ofthe arm, pere «ize 
arm is rotated, all plants falling inside the pointer are harvested. The cut of the sma Avett 
is naturally first collected, and the grain threshed and weighed. The arm is then 
out to the next larger radius and the 
threshed, and weighed. The same 
weight of grain for 


circles 
he 


ested, 
а strip is harves 
additional erop in the annular strip is ! 


+. way the 
z А ч owing ris way 
process is repeated for circles of larger size. In tl 


ех ab 
s ү : j a centres * 
3 or 4 different sizes of cuts (each of circular shape and with 
the same point on the ground) are obtained, об 
- nob 
X ў A 1 | „ whether or 
36. A comparison of mean values based on different sizes of cuts shows whetl 


any bias had arisen in using diffe 
rent size would, however, in 
comparison of variances 
For e 


rent sizes of cuts in the 
general show decreasing 
for cuts of diffe 
xample, it is sometimes found that 
excellent agreement (often much better th 
and variances of yield rates for 
is practically certain that cuts 
cuts of other sizes wer 


ts of diffe- 


ч à 1 
process of harvesting. Ct А 


А ieh increase in size. 

variance with increase и ontrol. 
t А - Р ес 

rent sizes thus supplies another valuabl re in 

es t 


mean values based on cuts of different ip tions) 
àn one could expect from probability шн it 
cuts of different sizes are also about equal. In euch om for 
of only one size had been 

€ obtained by paper calcul 
also been used in crop-cutting work, 


ө cords 
actually harvested and ге es anc 
5 Жу ‚ shapes 
ations, Multiple cuts of other shal 


and found to be quite useful. 
37. In crop-eutting work it is practically alw 
already explained. The selection at г 
cells, villages or fields is usually 
of the sample-cut itself, at the 


sizes have 


an a8 
ays necessary to use a multi-stage desig? 
andom of units at the 
done beforehand in the 
final stage, 
spot. For this purpose tables of r 
to move an appropriate number 
numbers picked up in serial ord 
turn to the right or to the left oi 
field is divided, dependin, 


zones, 
ction 
1 the 


higher stages, namely, 
Statistica] Laboratory. The = 
must however be done by the investigator ©! пе 
andom numbe pplied and the investigator is rear jom 
Cross the field according to the ae 
Sometimes the investigator is = 
articular segment out of a number into wie n 
88 of a coin Shows head or tail. Each t s 
in such cases is required to keep a record of Successive throws of heads and tails ; and аз pte 
loug series are usually obtained for each inv 


: ә ads and 
estigator, it is easy to test whether the heads 


TS are su 
of steps along and a 
er from the table. 


the 
"to get a р, 
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tails form 

2 а rando series or E ; 

enis uum ina series or not. If, as is sometimes found to be the case, the series is signi 

wat ie andom it is reasonable to think that the field work was not done properly It 

of course, that сої MAT : ы 
pido that coin tossing may have been done properly but not the field work. Still 
useful to have even such partial checks. 

йй the great snag is that harvesting starts at 
different regions and even in different villages within the same region. Once 

r very quickly, sometimes in the course of a fortnight or 


38. Fic " Sects 
S. Field organization. In crop-cutting work 


started, the harvesting is often ove 
so. Another diffic > which i i 
3 fficulty, which is peculiar to paddy, is that different types of paddy are some- 
$ growl St > reci ; р 8 
in the same region or in the same village, so that harvesting of paddy of one type 
or July till December or January. 
very month of the year in one 


or another mav ; Ы 
er hier may eontinue in the same village from June 
act in Bengal, harvesti р s Ё 
Р be gal, W rvesting of paddy goes on practically in e 
another of the province. 
39. Aw n 
9. A well organized staff . P 2 
— 1 l organized staff of patwaries or village revenue officers exist in the temporarily 
wovinces i " d. ; : : 
like Be | inces in India but no such staff is avail ible in the permanently settled provinces 
angal a PME \ 
р E Bu Bihar. In the Bengal Crop Survey the crop-cutting work is therefore done 
Ы ves ЕРЕ А c 
stigators engaged in the acreage survey. The total number available being only 


300, the i 
‚ the investigators hav : А 
stigators have to move from one village to another in accordance with a fixed 


sting, it is inevitable that the 


ШҮ 
oro ud ps large fitotuntions in the date of harv 
beh i ulc im find that the crop Шз already been harvested before they 
particular village or that the стор would still require а number of days to be realy 
al in any particular village or locality. In this situa- 
1 has to be modified in many instances. In 
perfect randomization of the sample. 


Je-cuts which сап be actually collec- 


e the time of their arriv ) 

17 dio nid programme settled beforehand. 

In ice IM take away scmewhat from the ideally 

ted at the у Fo appreciably reduces the number of samp 
proper time. 

40. After struggling with the problem for many years it is becoming clear that crop-cutting 

atively large number of investiga- 


ied out by a compar 
at the right time from 


work t. Я 
9 be done properly must be carr 
есь the sample-cuts 


tors w 
8 who w " 
would watch the crop as it grows, and coll 


fields si 

iS situe : : 5 : 
tuated in the neighbourhood of their normal places of residence. The total volume of 

ould not be large, and the work can be easily done as 


cuts of the size used by the Institute it is possible 
ing of a set of 3 or 4 multiple-cuts of different 
working in a group of 6 or 8 adjoining villages 
of а total working time of 6 or 7 days. 
attered in à suitable 
d crop-cutting work 
f yield per acre for 


Worle ramii 
& эү ам from each investigator w. 
to harvest А eg ы With the circular 
Sizes) in rna ш 2 sample-cuts (each consist: 
can easily 1 а day. One investigator 
If a staff of s = ras 30 sample-cuts in the course 
manner over the ue E thousand part-time workers were available sc 
for about а vss cA i it would be quite sufficient if each of them di 
Individual districts s | crop season. This would supply mean rates 0: 

j a percentage error of the order of 1 or 2 per cent. 
a sufficiently large numbe 


gators са | 
can be secured for crop-cutting work at the proper time. One and probably the best 
hensive scheme of 


plan w > 

0 ыы d пош. work as an integral part of a compre. 
of Slide ul viet үү set up throughout the p In such a scheme à пайа 
of workers бола iil would be maintained and spread over the province. A large number 
work as a par 280 be employ ed who would do crop-cutting 88 well as other sample survey 
part-time occupation. Employment for crop-cutting work alone would not be 


41. There are 
There are only two ways in which the help of r of investi- 


rovince. 
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economical, but there would be no difficulty in айрып sufficiently attractive remuneration 
for part-time work to the extent of say 2 or 3 months in the year. m 
42. The only other alternative is to employ some Government agelicy po 
in the province such as the Jute Regulation staff in engl wr A mag 
In the temporarily settled provinces there is also the ШАРЕ of mng T ian n TAE 
are important organizational problems which require to be studied on scientific lines w 
further delay. 
43. Driage. The possibility of using auxiliary physical me: 
ciable correlation with the yield of dry grain) h 
in the case of paddy and whea 


asurements (which have appre- 
as been and is being investigated. For ово 
it it has been found that there exists а high and quite steady 
correlation between the weight of crop immedi OSA 
and the weight of стор after drying. There are of course, minor fluctuations from one sea: 
to another or from one region to anothe 
made, in about I0 per cent of the 
well as the weight immedi 


в " “ereen” weight 
ately after harvesting (called green” welg ) 


; are therefore 
r in the same season. Arrangements are ther 

; А 7 after drying аз 
sample-cuts, to obtain the weight of erop after drying 


А + ; collected in 
ately after harvesting. On the basis of the material collectec 
‘this way it is possible to work out reliable 


й 5 ^ ^ dry gradu 
methods for estimating the weight of dry € 
from the much more extensive 


material for green weight. 
44. Mixed crops. In certain parts of India, 
à number of different crops such as barley 
same field, 


especially in the rabi (or winter) -— 
‚ Wheat, gram and/or other pulses are grown t E p 
The situation is further complicated by the fact that the relative proportion : 
different components of the mixed crops vary widely from field to field. Special methods 
had to be developed for estimating the total production of e 
Incidentally, it may be observed that relative 
cular crop is sown in comparativ 


in such cases- 
ach component crop in such 8 
+ NEA А hen а parti- 
ly a much higher yield is obtained when а | 
ely thin proportions. Pull details have been given ша rt zs 
irt SD à 3 945. 
on the crop survey in Bihar in the rabi season of 1943-44. in Sankhya, Vol. 7, Part 1, 1 
weight of cle. 


port 


45. Husking. In the case of paddy the 

accepted to be two-thirds of the weight of dry paddy 
been found to fluctuate from region to region and fy 
therefore made to measure directly the husking r 
the province. Evidence is accumulating that the 
on conditions of cultivation. 


5 А 
an rice after husking is convent ign 
before husking. This ratio has howe’ x 
om season to season, Arrangements ^ 
atio at a number of places scattered оу s 
driage as well as the husking ratio йере 


These are being gradually studied 


46. Jule. In the case of jute 


in the sa 

jute plants measured immediately afte 
dry fibre extracted after retting and 
the weight of plants in the 


me Way ^ 


s "the 
it has been found that the weight of 
r harvesting 


; of 
has a high correlation with the weight 


drying the plants, 


cut is recorde 
idied in the c 
47. Cinchona. Possibilities of u 
being explored in many cases, 
that it is possible to fore 


à ; vork, 
Here also, in crop-cutting “ x 
n + кн 
d immediately afte ie 
ase 


| ; sample- r harvesting, and t 
traction ratio is experimentally stu of a small proportion of sample-cuts- 
sing physical 
For example, in the 
cast the total yie 
measurements of girth of the plant 
and number of ste 


‚ are also 

measurements оп living plants are: d 
: 5 ul 

Case of cinchona plants it has been fo ағ 
. sic 
ld of bark with sufficient precision from phys! 


at a height of six inches above ground, height of the plant 


ms on living plants, 
48. I.C. A. R. Scheme, Imay 


at this stage 
work by the Imperial Council of 


make a brie 


rine 
и freference to the erop-eut nt 
28 Agricultura] Research of India which was started on the Вей 
crop in the United Provinces in 1944, and has since then bee дм both paddy anc 
wheat in other provinces, No ge L. exbended te both: 1 [ 


З ге 
neral account of the work has been published, but Т hav 
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to two or three provinces. It is 
al observations would 


В. preliminary reports relating 
ents, but afew gener 


receiveb form the I. C. A 
not possible E 

d | ssible therefore to make апу detailed comm 
ot be out of place. 

m samples. There is, of course, 


49. "The firs , 
Lhe first point to be noted is the use of rando 
Tt isa matter 


R. and I.S. I. methods in this respect. 


complete agreement between the I. C. A. 
т. C. A. R. the principle of random 


for congr: : 
S apu m that through the efforts of the 
ampling is likely BE ar ^ 
pling is likely to be adopted in practice throughout India at an early date. 


50. There are eT eL. d) р 3 

1 here are however certain important difference in the methods used by the 
an Statistics m e : ? 
heads: istical Institute and the I. C. X. R. whieh may be broadly grouped under four 
1. $. Г. method, the sample-euts are comparatively 


(1) Size of the sam ple-unit: In the 
I. C. A. В. sample-cuts 


small ii 
1 area usually rangi - 
меу rea usually ranging between about 50 and 100 sq. feet. The 
a much larger siz n s 
uch larger size, of the order of 900 sq. feet or more. 
e-cuts are of circular sha 
I. C. А.В. sample-cuts are 


help 1 ane procedure. I. SL sampl ) pe obtained with the 
и al al implement described earlier. while of square or 
gular shape demarcated by pegs and ropes or chains. 

In the J. S. 1. method the crop iS harv 
yield from ea ch sub-sample is separately 
h sub-samples supplies an excellent internal 


form Pie 1 аз control. ested in the 
and recorded. T] се gira sub-samples and the 
control whi Я ie variaton of yield between suc 
ch is not available in the I. C. A. В. method. 

orks of sample-unils. As already Y 
nging the field work in the form of two 
g data for each such set of sample- 


and collecting 
No such replication is available in the 


weighed 


entioned, in the 


Т6, 3 interpenetrating net-u 

Шр ралат great importance js attached to arral 

units by e SE. networks of sample-units à 

I. С. 8 E irely different parties of investigators. 
А. К. method. 

method developed by it has distinct ad- 

ection of the data, and is also 

uman agency. Tt is dificult 

ncies of the two methods 

The I. S. I. method has 


ew has been that the 


51. The Institute vi 
|] controls at the point of coll 


vant; 

al B has good statistic: 

however isive when the work is done through the same type of 3 
to make direct comparisons between relative efficie 

din different parts of India. 

and Bihar where the land revenue is permanent- 


aff under Government control is available 
other hand has been so far 
1l organized 


for à 

a и these have been use 

ly settled аса in the two provinces Bengal 

for doing "X epi ne revenue or other village st j 

Used in à м a en work. The I. C. A. В к method E: the 

staff of » mporarly settled provinces like the Punjab or U.P. which all have в we 
patwaries or village officials under Government control whose part-time $ 


A vail: ú 
p for doing the crop-cutting work. 
ersy in India regarding the relative adv 
А. В. methods for estimating егор yields. As I 
it wouid not bo advisable to make 
available. І may men- 
A. В. authorities 
sin the same 
pmitted 
f India. 


ervices are 


antages and 


52. Ther 
. "Phere has been some controv 


isad y; 
dvantages of the I. S. J. and the I. C. 
з the I. S. I. method , 
R. work becom? 
the sing on iL. 

ne " E 

Sean v of carrying out crop-cutting work by bot С.А. R. method 
т 51 . " Q C р i 
п with arview to studying the relative efficiencies of the two systems. Т have su 
the Government 0 


"defini 
ite 8 : 
te schemes for this purpose which an tion БУ 


Вар 
жү to be closely associated witl 
detailed comments until full reports of L. C. A. 


tio 

n, howe К 

› however, that for some considerable time I have been pres 
n I. S. I. and I. 


e under со nsider& 
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JOINT OR DIRECT ESTIMATION OF CROP PRODUCTION 
53. Since 1938 I had been advocating the sample survey of c aie 
vs { i several years later to carry 
work being taken up jointly, but the opportunity occurred only several years later tc a rs, 
= i i » "OV ааа) 
into practice. A brief description of the method as actually used during the survey of | 1 
i > The 78 rids i chich erop-cu S 
1945-46 in Bengal would explain the procedure. The number of grids in whi 1 À 


ing 
rop acreage and crop-cutting 


work is done is necessarily much smaller than the 
carried out. In 1945-46, about 7000 grids were se 
suitably zoned form), and a second survey 
harvesting was carr 


number in which the acreage survey 18 
lected at random for crop-cutting (but in я 
of the area actually under paddy at the time un 
ied out. In this way the total acreage under paddy within each grid was 
known. Multiplying by the rate of yield of paddy per acre ( 
carried out in the same grid) it w 
acre for each individual grid. 

each cell could be then directly 
for the province 


as determined by crop-cutting wone 
as possible to calculate the total production of paddy pi 
Taking the average within each ce 1, thc total production к, 
calculated, from which total production for larger tracts 

às à whole could be easily built up. 


54. In 1945-46 in Bengal the tota] production estimated directly in this way was about 
6.52 million tons of rice (not in husk). 
the acreage by the mean rate of yield w 
mentioned, that the second survey 
6 per cent) decrease in the 


n inc 
The corresponding estimate obtained by egre 
as about 6.73 million tons. Incidentally, № ma» : 
at harvest time indicated an appreciable (abou 
area harvested as compared to the area sown. 


Conclusion. А good deal of work h 


India in developing an efficient sampling techni 


production of crops. А good deal, however 
of statisticians working in different par 


as been done and some progress imade a 
que for the estimation of crop yields and у ; i 
› Still remains to be done. The active co-operatior 
ts of the country is e 


ssential for rapid advance. 


Paper received : 20 March 1946, 


SAMPLING FOR RICE YIELD IN BIHAR AND ORISSA 


By J. А. HUBBACK, 1.0.5. 


bene E isis accurate statistigs of the human population of a country has 

gnized throughout the civilized world. The idea that statistics of the produc- 

general recognition, It is, the cd e огей urs 1 gaming 

be useful to indicate iab prse "i рор айр ДШ ia кер e xi 1 ee 
Tn odini e ^ i s! sa well-founded estimate of the yield f of rice can fulfil. 

thi provinces of 0 dps ice occupies м little more than half of the cultivated area in 

Sekt nnd fende the ^ ie и | rissa, employs 4/5th of the total population for six months of the 

greater part of it throughout the year, its supreme importance in any 

t one-half of the 


Survey of 

А )ri “ti - В з 
produetion can scarcely be denied. № probably provides at leas 

and that contribution is still vastly more 


Hence if a survey of production is 


tion whic 
п which supports that popul 


ror А 

F to ihe “provincial dividend", 
desirable. е ап i int e очин and industrial workers. 

‚ good statisties of rice yield are essential. 

Apart from the uses to which those who dir 
there is no doubt tha 
bles them to operate 
alternating between prosperity and financial disaster, but 
For this purpose it is not enough to know 
ledge of the conditions of th» districts 
e knowledge of the real 


may put the statisti : ect or influence the poney of the State 
Bb Miss an 2 " istics of production, t traders want шшр on crops 
and ho 8 forward. € ood information ena with more confidence 
greatly n у saves them from 
ts я 3 the publio by stabilizing prices. 
Goan a f Lowe ey the whole province, but know 
Л тш units is very valuable. | Lastly, icasonably accurat | 
SH are нса € i] of important crops even for fairly large {тасв would give guidance to courts 
Produce ie atn estimate the value of produce for the decision of rc ; 

nt or for settling fair cash rents. Hitherto lack of such knowledge he 


nt suits, for commuting 
as frequently 


aimed to be fairly accurate. They 


ent in а particular year 
the year of 


led to considerable injustice. 
üre "ks. аши of area undae the т 
Оп the от d ultimately on the figures obtained fron 
Survey А No doubt new land has been brought under 
other dro на have been а particularly favourable or unfavourable one, ort 
perhaps er have replaced rice. Allowance is made for these factors year by y 
this V Ni ing Very large error. The question is examined further in the latter part of 
das mer ium But in the figure for yield tainly room for bad mistakes. This 
and js бс, under the advice of the Dir га def to fi 
crop of pice year by year by applying for г, indicating 
Probable d year falls below or rises above the normal. Now in NES first place it n 
there is Miss nommel rice yield differs materially between districts. But, apart from tha d 
s no machinery for fixing with any reasonable accuracy the percentage of the year. 


rice crop are cl 
л detailed теаѕигет 
rice in some places, 
o a limited extent 
ear, and 


there 13 cer 
ector of Agriculture a 
each district à percentag 


published in 1927 as Bulletin N 


inted by the kind permission of 
riment to determin 


EDITOR 
IAL NOTE— This paper was originally nt 
the Governme 


Agric 

85 B Research Institute, Pusa, and is being repr 

SE ia. This is probably the earliest account of а scientific expe 
5 of a sample survey. 
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how far the 


is exceedlingly 


Yo. 166 by the 


e crop-yields by 
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All that is done at present is for the local police officers to make а guess, at which in эйр: 
the Sub-divisional Officer, the Distr ict Officer, and the Director of Agriculture guess ашп. 
When it is considered that the percentage depends ultimately on the effect of the weather 


on very various soils, cultivated with varyinz degrees 


of skill and enterprise, planted with 
different kinds of rice, protected by irrigation works of greater or less efficiency or complet ely 


unprotected, liable to or immune from erop pests, and finally harvested over a. period of nearly 


three months, it becomes apparent that the guessing ability of the officers concerned has to be 
remarkable. Unfortunately, too, not one of them has the least chance of finding out whether 


his guess was fairly right or wildly wrong. Hence the existing statistics of rice production 
are, I believe, the result of applying to a fairly accurate figure of area, an. arbitrary standard 
of normal yield, and a pure guess of the condition of the year. 


L am convinced that by an 
expenditure of a sum of money, that is not exc 


ve in view of the importance of the matter, 
the last two and perhaps the first could be replaced by a scientific estimate, in which the 
possibilities of error can be gauged. Incidentally the sche 


me proposed, though it would not 
completely solve the problems of the courts to which reference has been made, would go . 
great way to do so. 

I return to the point of the normal yield. ‘This is based on a number of crop-cutting 
experiment made at different times in different places, and it is to the defects of these СХ 


periments, with the consequent uncertainty of the conclusions based on them, that 1 now 
wish to draw attention. 


Ihe commonest method of estimating yield, apart form pure guessing fom the appear- 
ance of the field at harvest time, is that described in the stand H 
(appraisement) system of rent payment. It consists of the te 
the crop is thinnest and the landlord where the crop is he 


ard aecount of the dana band 
nant cutting a small area where 
aviest, mixing the two together and 
taking the result as a fair sample. То secure accurate results this Senones that the true 
mean lies midway between the highest and lowest sample, a condition which js very rarely 
found in practice. The results so obtained are almost always { і 

tenant. In an acre field of rice bearing a ше: Е 


ar tco high, i.e., unfair to the 
an yield of 15 maunds it might well be »ossible 
to find an area of (1/20) p : 


t ' th of an acre yielding 40 maunds an acre, butit would be obviously 
impossible to find another bearing minus 10 maunds 


from attempting to estimate th an acre. The method is not far different 

т attempting to estimate the a age ine 20 ; s 2 
from г pung the average income of а population by taking half the sum of the 
incomes of the poorest man and the richest man in it с и 


А second method is that at present prescribed. An officer of some standing Vi 
the tract, of whose yield he is required to form an estimate and sele te a f: i 1 / jarge area, 
usually (1/10)th of an acre, as containing an average crop. This h ‚ ы м * : ios and ins 
due course threshes and weights. If he has time he make и 
obvious that he cannot usually manage to make a | 
are two main objections to this method : the first is that it depends enti or its accuracy 
on the ability of the officer to select. He has to make his 55 к — 5 sco te of 
fields growing different varieties at different points of maturit 
as to yield by the strength of straw, heavy straw bein, 
heavy yield of grain. Again it is difficult to g 
little or no yield at all, and even in a normal 
factors make accurate selection very difficult, 


sits 


p Я it is 
5 two or more experiments, but * 
arge number of such experiments. There 


lection from a large number А 
У. It is very easy to be mislec 
; & by no means always correlated with 
"ve proper weight to the fields which will give 
E such fields are by no means rare. These 
. Ё € second objection is eve. не rtant 
viz., that there is no possible way of estimating what is bjection is even more impor р 
is the probability that the result of sue 
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n range from the true mean yield. The method is comparable to 


of the population ofa town by watching the stre ets for 
who looked to be in average circumstances and dis- 


SAMPLING FOR R ICE 


selections is within a give 
estimating the average income 
a few days and then picking out a man, 
covering what his income is. 
med is by аз close an approxi- 

permit, since that not only gets rid of the 
es it possible to say what is the probability 
n range from the true mean. 
y samples will be 
es being within 


The only way in which a satisfactory estimate can be for 
the circumstances 
but also mak 
mples will be within а give 


mation to random sampling as 
personal clement of the experimenter 
in the du of a given number of sa 

à 2 nui this in definite language, it should be possible to find out how шап, 
required to secure that the odds are at least 20 to 1 on the mean of the sampl 
one maund of the true mean. 

This is the problem to be solved. 
solution, it is desirable to explain some terms 
will, no doubt, be 
The first term is the 
the sum of all the indi 
The true “mean” is the 
as to cover the wh 


progress made towards 9 
statistics, on which 
dors, to whom 


Before describing the 
used in modern mathematical 
quite familiar to many of my 
arithmetical mean", which is the real object 
vidual results of the cuts or samples made 
figure which would b? 
hole subject matter 
le subject matter of as the “population” 
number of samples with varying values. The manner in 
aged is called the distribution“. Clearly 


numerically аттат 
much wider than in others. The number 


ie а value lying within given limits, is called the 
e range a limits. The range of limits is known as 

r the range of those limits g 
of calculation, values of samples, when these уату 
intervals and treated as if they all fell at the 
standard deviation" of 


thes а 
he solution depends. These 


1 apologize for the digression. 
я our search. It is, of course, 
El the number of cuts or samples. 
sum я the number of samples were increased, so 
К pling exhaustively. The who sampling is known 
М E as made up of a very large 
which the values of the samples are 
populations 
lue, ог havit 


the iatri T 
distribution may in some be very 


x samples having а given va 
CEN ney” for 1 — value or fo à 
llis apio ^, and, for convenienoe 
middle М8 iU 918 lumped together in equal class e 
the t үр of their class interval. А most important hrs is Me ks У 
е, ribution. ‘This is a measure of the amount of dispersion or scatter” about а particular 
s usually about the mean. 1t tly definite value e 
len which the value of each sample 18 expressed. | It is obte 

1 sample differs by а definite figure from the particular value, 


is sou | А “he 
ight, e.g. from the mean. This difference 18 squared and (whe 
frequency of th 


lumpe 

Ee together in class intervals) multipli y Н 
0 ts are added together and divided by the § е frequencies, 
hat result is the standard deviation. A simple illustration will explain tho proce: 


that 8 
samples give the following results 


e same unit as 


xpressed in th 
The value 


„ined as follows. 
about which the dispersion 
re the samples have been 
he elass interval, The 
and the square root 
33. Suppose 


is a perfec 


square of the 


difference from | difference multi- 


frequency value the mean which plied py the 
2 is 6 frequeney 
ace OE ec ылан — c О zv 
1 4 EU 

4 5 — 1 4 

1 6 0 0 

0 T +1 

0 | 8 + 2 0 

E | 9 43 | 28 

ax | „ 

total 8 | ! total 26 


1.8 nearly- 


The 
standard deviation is the square root of 26 divided bY 8 or 
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err UU 
"There remains to be explained yet one more tenm, iba поми се x pov her 
is а graphic representation of a certain class of сану =, caida кеч di — у 
1 у} y the mean. о this class me à st O А 
1 та conform. It has the very great advantage that к 
in. particular sample will fall within a definite range * ae we - s: 
be caleulated at once from standard tables, and this is what mias) t so prae, = i 
tical practice. The properties of other classes of frequency distributions have bo 
ted, but their use involves difficult and 1 паке нае, 
for many kinds of work. It is not infrequently assumed that the determination o | " ub hk 
deviation of any frequency distribution at once enables one to say what are eni | » — 
mean of sampling falls within given limits on either side of the true mean. This is 
and it is always necessary to see that the 
normal curve of error, before making de 
for others. 


+ А че suitable 
aborious calculation, which makes them uns 


к à uns closes to the 

distribution under scrutiny conforms clo a inot 
istribution bu 

ductions, which are true forthat distribution 


ог the 
Evidently then before a practica] method of obtaining a satisfactory value for i 
mean yield of the rice crop from a sy; ы = irst attempt 
to get a clear idea of the distributions, which random sampling will give. The firs а нц ta 
was made under the direction of Mr. Dobbs, Director of Agriculture, Bihar and wine 
1921 in the Nawada thana of Gaya. His method was to divide up the map into equal sq le the 
in order to pick out the villages in which samples were to be taken, and then to md 
fields bearing the survey number 50, or the nearest fields planted with rice. For pun > ue" 
it was necessary to find out the date on which the crop on each field would be ready for i die 
ànd to arrange to visit the village on that date, The practical difficulties involved mace 
Search for another method, more automatic in the distribution of sa 
Itis unfortunately impossible to use the result of Mr. Dobbs’ е 
were taken in each field and the results lumped together, 
distribution so much as to make deductions extre 
In 1923 with the help of Mr, 


ressar y 
- я it was necessa 
stem of sampling could b» recommen lel, it was 


à $ space. 

umpling in time and 1 
ee san 
Xperiment, because three 1 
-oguen 

This has disguised the freq 
mely hazardous. 8 
К 4 . А al Pargan 
Davies, the Settlement Officer of the Santal E oe 
H H Š H "ү n or 8 
district, 400 random samples were obtained in a part of Godda thana, The sampler E the 
| ә: : , illage through 
from the 4th December to the 22nd December travelling from village to village throug 
area comprising about 100 Square miles, 


; "his visit, the crop 

Wherever he found, on the day of his visit, tl * 
being actually harvested, he took a sample. s 
applied under the Supervision of 


Gokhale, in the Godda thana of San 
thana of Manbhum. The only di: 8 " samples instead of one 
where practicable, on each field in whi 


In 1925 I obtained the permission of the Bihar 
expand the experiment in Santal Parganas and Oris 
eight subdivisions, averaging nearly 1 iles ; extent, and in each some 15 ce 
were taken, so as to cover as wi i 'ubdivisiona] area, At each of the Ше 
officer was to spend four days, rst day two miles n orth, turning to E 
right and returning from the north. ner thr 
quadrants in the same manner, 
possible both in time throughout 
The limitation in distance to be tr: 


In the following year the same meth 


Sim progress. 


; nd 
А ч nue & 
and Orissa Government to conti ch 9 
sa. 


aversed secured that t 
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acts where it was in full swing, 


thus cor А 
z rrecting any tendency x š 
g any tendency to ov er-emphasize the yields from relatively unimportant types. 
s given below. 


samples from each field was withdrawn for reason 
ng Тат indebted to Messrs. Mansfield and Houlton. 


he few i 
w in tracts where х 
racts where harvesting Was sporadic and many in tr 


" 
Tie. не 
he instruction to take four 


For the supervision of this years samplir 
In: се vears 
VEDI en mete he un of taking each sample has been the same. The 
5 pu | solid block of woo, on which are fixe 1 four prirs of guides defiaing 
1 angle of 60° to one another. Along these lines thronga th» guides are pushed 
e stal'cs of the paddy. Each bears а stop, 
оосо Paca deen a * length from the point where the 
ШП been тшй E E ся ends of the battens 15 67} inches. From one ofthese slots а 
aiten in ей ве 8 ; ug 1 : is Stalks to е slot on the other batten, and, when is third 
Senders. Де 2 155 Es MEC nerit triangle is formed comprising an area of 1/3,200 
and threshed out there г : | * M TÉ bam E S bent back, and the crop inside cut 
e уныш He x: t Ей: | phs grain is placed in а numbered bag and dried for three 
À m weighed. The size of the triangle has been chosen to give one maund 


an acre for every stan’ 5 
every standard tola of the sample., while the triangular shape is intended to avoid 
line of the planted paddy. The weight 


two nar 
wrow woode : 
ik ^ pi wooden battens, which pass among th 
Е at, whe is rests : E 
„When this rests against the first pair of guides the 


the er 
? error cause a : 
cim Dè caused by either including or excluding a whole 
Е > accurately determi Sn 5 : 

tely determined to half a tola in ordinary country scales by double weighing. 
s instructed to go to the centre of the ай (field boundary) roughly parallel to the 


line or А 

on whic натан d $ A 

the solid bl h whe harvest is proceeding and take three paces into the field before laying down 
1 block of wood which guides the battens. He is warned against the mistake of putting 


the blo 
ek "ns à MN NE E 
down so that the triangle of battens encloses it instead of excluding it, à mistake 


to whie М 
vhich beginners are liable 


"m 
The sampler 


those = үш obtained in the last three years are es I and II. Besides 
ich reference has already been made, there are à set of samples taken in 1925 

| t and a set taken in the Atri thana of Gaya 

]taic tract, on the 


on the Kanke 
В anke Agricultural Farm in Ranchi distric 
in the Orissa del 
part, in the broken country of Santal Parganas 


em has thus been tried 

ain of North Santal Parganas and Gaya. № 
est has been plentiful and in others where it 
en tracts over the whole period of the 
r rice, reaped in March, 


given in Tabl 


eruta same season ‘The syst 
and Man а of which Ranchi forms & 
has been um "5 end 2 ша alluvial Gangetic pl 
Кай been E m ш tracts, where the harv і 
rice harvest xa in 1925 the sampling extended in sev i 
which are wile oe only the very early Bhadot and the summe 
may, Mer s of very little importance. at can be drawn from the figures 
tract, be applied with safety to the whole haps the North-Gangetie 


Conclusions th 
province except per 


I have releg: ; vas 
ауе relegated to the Appendix the technical discussion of the validity of my con 
з, who have made à somewhat exten- 


clusions 8 

е ies d appreciated only by those reader: 
area can, I mtb unt я It is enough to say here that the mean yad on the harvested 
Ў termined for a trast of about 1,009 square miles with an accuracy such 
acre in only one case out of twenty. It will 
f. To secure such determination, itis 
ver the area, and to put down against 
ld be spread evenly 


These days shou 
out a fixed distance in one direction, 
hat he covers appro- 


that it w; 

hod E out by more than one maund per 

анну a E ug by more than a maund and a hal 

sud +: | x 12 centres, ирг as evenly аз possible o 

Over a: " Ke day on which sampling is to be done. 

Жой, eue aida of harvest. The sampler should go 
g round, return from another direction so that it is secured t 
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ximately the some area on cach day. He should cut one sample from cach field, where he 
finds harvesting in progress. He will be able ordinarily to get from 3) to 40 sa mples in à day 
when the harvest is in full swing and 10 to 20 when itis slack. It is certainly not impossible 
to supply samplers for this work, which is extremely simple once it is explained. The men 
employed hitherto have been young men fresh from college. Any gazetted officer and mene 
other officers could do it quite well. Infact I have found that peons attached to the sampling 
officers fully understand what has to be done aftera week or so. It is not in the least essential 
that the same officer should carry out all the sampling of a tract. 


The method is applicable to small or large tracts. The same num ber of centres will 
probably give a slightly greater degree of accuracy for a smaller and a slightly less degree for 
a larger tract, because the standard deviation on the whole increases with the size of the tract, 
though not at all rapidly. Thus the standard deviation o; the whole of the Santal Parganas 
is only 9.26 maunds, actually less than that of Deoghar, though greater than that of any other 
‘subdivision. To determine the mean yield of a village or an agricultural farm it would pro- 
bably be advisable to make at least 10 cuts on each of 10 days. It would be better to make 


at least 20 cuts. (It may be noted that the standard deviation of Kanke in 1925 was newly 
the highest figure found so (аг). 


The method could also be applied to other crops, esp2cially cereals. № would be 
more difficult to apply it to crops, for which the marketable produce is obtained by process 
more elaborate than threshing, or is bulky and awkward to weigh, such as jute or sugarcane: 


is als vantage i Nn a Р " les to 
It is also an advantage if the crop is common enough to enable a fair number of samp 
be taken on one day. 


It is no advantage to take a large number of samples from places vecy close together 
where the crops will naturally be very much the same on the same day. The degree of accuracy 
is not seriously improved by such practice. This explains why iere is p nie to take large 
sampies instead of the handy samples obtained by my method. A sample of one-tenth of an 
acre is merely 320 of my samples taken in juxtaposition. 1t simply —— а determination о 
the mean yield of that particular field, which is not more e ант than that given 
by say four smallsamples. Even four samples instead of one ies worth. while; because 
in the great majority of cases they do not differ among themselves euough :0 affect the mean 
or the standard deviation of the whole set of samples "hs 8 Pica vind from the co- 
lumns for all classes and “Ist cutting” for Santhal ee t ‘hana 1024 Technically 


speaking, there is very high correlation bety ind; m 
б t I ween the ii i ash apnups of Sam 
which makes the ordinary rule, that the st ndividuals of such groups standart 


‘ andard deviation of th ar iy НВ 
‘deviation of the population divided by t; n of the mean is 122 Tio 
t е te! 
applicable. E У the square root of the number of samples, dul 


RÀ E E ct all the frequency distributions obtained is their tendency to have 
evel cres $ he Mod not vanymg greatly for some four or five class intervals aroun 

mean T i emphasizes the difficulty oi “selecting an average field? 4 asant method 0 

experimenting. There will be nearly as ge field”, the pres jr 


Б many places wh d ds abov? 
below the mean, as there will be where it is within one Кы тра pes = h та very nature 
Е it. Thus from the 


ee ee Apa Gom the ТУНА upside of кое е whole uf 18 ЗИЛ ЛЕ у 
- neously or nearly so, and the personal error of the кш ying the who ич estim? 
ing is likely to be very far trom accurate. nter, the present m^ 


a fairly 
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My method gives a reasonably clos? approximation for the mean yield of the harvested 
ss yield it is necessary to determine what is that harvested 

since in practically allyears some fields 
сели ыт deem the field ridges (ails), which are usually measured 
E, odes : i — a survey. * ince ше cadastral survey figure is the basis for the 
a of the year, this second point is of importance. No very satisfactory determina- 


tion of the ar z 2 

of the area occupied by ridges has yet been made, but it would appear to vary between 
nearly a NN DE 2 3 

arly 10 per cent in hilly country to seareely more than 2 per c2ab in level coaatry. 10 


area. Consequently to get the gro 
are: is evi 
a. Ii is evidently not the area planted or sown, 


- bear no crop worth cutting. It 


is usui 
S usually taken as 5 per cent. 
It is much more difficult to say what is the r 


(or sown) area : 
wn) area and the harvest ad area. Ina bad year, W 
Та? plante атгах will also У 


y those of the village chaukidar 


ange of variation between the planted 


сше ЕП te EO тера ра hen the rains stop early in September, 
15 A is ES im ы all over à subdivisio » la ary from year 
обам E а ent we depend on estimates, ssa are origins 10 : 
of ЫЙЫ ma = mudh more capable of intelligent check by higher authori than estimates 
1953 d ih | = t is possible, for аран: by e through a tract in motor саг to get some 
the diis ies to which the rice ор is going to fail altogethr. Itis usually believed p 
Ser im e of cropped area is suffisieatly accurata. It muy bə, but the belief is intuitive 
han rational. 

— ou would cartainly bea great advantage о bark area could be obtained by 

т n of sampling. A method was tried in 1925 in Santal Parganas. The results, if not 
The plan was to make tne sampler march from centre to 
conveniently could in a straight line. After certain inter- 
aces and note how many of these ended on harvested rice 

loing this in January and early February, since little 
int of 100 would give & definite percentage, 
the full 100 being due to the 
the percentage 


ны encouraging, are interesting. 
m" country as near as he 
pw the bee had 10 ¢ ош 100 pact 
Fo "i is no serious difficulty int 
поети 15 reploughed by then). Each вош 
у caes 0, in may nearly 192, the difference from 
presence of field ridges. The mean of these percentages would give 
in the total are» of the tract sampled. Six 

h and between counts. 
The stan 
percentage is bəbwəən 
loyməat of six шга 
probable that it would be 
nas of thick 


men were 
them made 1971 From these 
dard deviation was 37.10. This 
49.4 and 45. The 
for a moabn, in 


Of harvested. rice antl 
E for nearly a month eac 
— не of ыма per cent. was obtained. 

ans that it is about 21 to 1 that the true 
Accuracy obtained is hardly sufficient to justify the emp 
each district. Further the work is strenuous ani tedious, and it is 
in practice shirked, ard results fudged. The difficulty of excluding larg? patol 
both fro ng and the sampled area has yet to 
some me ar lines may prove practicable. 


There is just one other caution which L would address to persons who have to estimate 
gross yields. That is that yields of rice are ultimately based, however imperfectly 
dn yields of paddy. А standard figure for the loss of weight by husking is taken, usually one- 
third. It is probable that this varies a good deal with the kind of paddy, and there is good 

e-third. It would be well 


n H 
eason to believe that in Orissa the loss is considerably more than oni 
Tf any kind of paddy 


he Agricultural Department investigated this point on their farms. 
od economic proposition, аз an excess, 


h 
usks out much below the usual it ix clearly not such à £O 
eders may be able to produce à paddy; 
П be аз great as that 


шон yield might suggest. Possibly the plant bre 
Which loses less than one-third in husking, and, if so, the benefit might we 


ба: 
btained from increased yield. 


m the samplit 


jungle or à p 
gle or other inaccessible country 
thod on simil 


be 1 
overcome. But it is still possible that 
at present, 


257 


“тетте wen 3 
AT JRNAL OF STATISTICS [ PART 
Ven 7] SANKHYA : THE INDIAN JOURNAL 


roug e 
My general conclusions are that sampling by my method . р x „дир. 
harvest from different centres would secure Alguna for the mean p i о i nee са ee 
1,000 square miles correct within one maund in about 95 per gent, м | 22 5 = pedes 
existing revenue and agricultural staff there тоша be no salons difficult, 
this method for the unscientific method of sampling now prescribed. 


i Г ; were taken, and 
To the officers I have mentioned, under whose directions the samples were : 75 КО 
to the staff employed by them on the work I offer my cordial thanks as I do to Mr. 
for his advice and encouragement. 


APPENDIN 


It is often assumed that if a number (n) of samples are taken and the standard ee 
tion of the whole population (¢,) is known, then the standard deviation (on) of the pid 
n samples is given by om =. This however, presupposes (1) that the samples ieee 
by the process of “simple” or “random” sampling, i.e., that every portion of the Р tion is 
is equally likely to be sampled every time, and (2) that the distribution of the pape semi 
such that the distribution of the means of п samples closely approximates to the pe 
curve of error. 


М : . method 
I have attempted to investigate both these points before recommending the 108 отор 
already tried for general application. The application of "simple" sampling to the г! 


1 Y 
5 RUM Е putting 
would involve Picking out the places for sampling by some random method such as F e 
numbered eards representing all the rice 


Such 
number of cards, and then arranging to 

a method is, T consider, impracticable,. 
There is some degree of selection. 
"simple? sampling increases or dec 
mean diminishes as the number of 


plots of the area in a box and drawing out v" - 
visit the plots at the time when the crop is ripe ling. 
My method is practicable but is not “simple” ue Е 
It has to be seen whether the adoption of it in P^ 


: the 
Teases the rate at which the standard deviation PA 
cuts rises, ў E 

If an equal number of cuts were tak 
equivalent to (1) taking one cut from 
taking the mean of 20 such samples ; t 
can cover from a centre, 


vould be 
s wou п (2) 


of samples with me 

; 2 jation 
i i 22 с 2 devia 

a standard deviation given by ба 25 (o: ER 2) fa Where с, is again the standard і 


give а mean with a standard deviation given by e, 


les 
2 2 of samp 
wk = 9. [k where % is the number of 
grouped together (in this case 20). н 


To test the theory I have taken f 


"a. 25 the first 
rom the original record of Rajmahal 192 
eight cuts of each day, writing the 32 cut; 


of tbe 
S of the first four days in опе row, the 32 cuts o 
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second four days in the next row, 
cuts were taken in a day, 1 have borrowec 
ing day). 1 have thus obtained 3 
centres, each surrounded by four quadr: 


means. 
derived. 1 have also calculated Sj 


I have done the same 
results are аз follows (standard de 


д.2 

Rajmahal theore ical © 69-06 
25 observed — 

Bhadrak theoretical 33-18 


observed — 


2 2 " 
(The theoretical value of om, 18 
1 


Bhadrak. ‘The theoretical values of Om, 


eighth of о") 


т 
" The observed results agree sufficiently 
hat the standard deviation is diminished and not increase 


instead of by simple sampling. 


But this plan would require an e 
periods of 
tandard deviatior 
Т canno 


certainly overweight the slack 
it almost certainly increases the s 
tained by the plan just described. 
to what extent it does so, but t 


I examine below the means obtai 
cuts m 


s used in the gene 


pm against those obtained from the 
hese are given below. (Some cut 


because only one quadrant was 


and so on. 
from the last cuts of the previous 


3 columns with 11 figures in each со! 
ants. Lh 


T have then taken the means of succe: 
? py taking the me 


thing for Bhadrak 1925, whic 
viation in maunds). 


he followi 


sampled). 


E YIELD IN BIHAR AND ORISSA 


re less than eight 

day or the follow- 

rresponding to the 11 
ave totalled the columns and taken the 
ssive pairs, fours, and eights of the means so 
ans of the cuts made from each centre. 
h had 12 centres instead of 11. The 


(In а very few cases, whe 


2 2 2 


Sum Omi Fn, Om, Om, " 
34.21 2:12 1:58 79 40 
Y 1:62 1:08 40 31 
9-46 1-98 -99 -50 -25 
— 1:10 74 54 11 


в, S, divided by 11 for Rajmahal and by 12 for 


m, 


„ 0 m. and gm, are one half, one quarter and one- 
quite clear 


y, and it seems 
n this plan 


well with the theory 
d by taking samples О 


and this would 
but by so doing 
ith that ob- 
matically 


qual number of cuts 0n each day, 
My method avoids this, 
1 of the mean as compared w 
t find any мау of determining mather 
asonably well what happens. 
s made to the north-east of each 
t and north-west. 


purpose, 


harvest. 


ng test shows re 


ned from the cut 
ade to the south-east, south-wes 
ral table were neglected for this 


standard dev iation 


| | 
— | eR ents |^ s: | 2ndi 3rd. 4th. | a "E m 
in а quadrant | quadrant quadrant | quadrant | а actua heoret 
quadrant | | | 
| | = 
АП S. P. 14321 1647 | 1142 | 1105 Tos [ы 
Deoghar 280 | 20-01 | 2058 » E | x | 101 
Dumka 22 19-57 : | 308 WM жа 
Godd 10 19:06, 08 15-1 25 | 478 52 
J dda 0 Ж 12-09 13-43 | 13:41 | 48 | 5 
c ri 216 13-00 | 92 06 | 92 +30 21-67 | :37 | Uu 
palmahal 3121 21-08 22 99 11-11 11:07 | 19 5 
Pakaur 1598 | 19:95 11:69 | 13:90 | 13595 | үн. 
hadrak 2884 13-13 13:52 SRM l 
und away from the mean of the 
from the means 


The “failures” 
в are underline 


four quadrant 
of the four quadrants; 
tion is the result of divi 
the square root of the à 


dir af 


i.e. results falling more t 
d. The actual stand: 


han one та 
ard deviatio à devia 

d ar $ 
being applied. 


of the whole series 
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first sight, but that is due to the fact that the number of cuts in a quadrant was often distinctly 
lower than the standard of 20 cuts at 12 centres, which would seem to be what is required 
to ensure a mean correct within one тайпа in 95 рег cent of cases. А comparison of the 
actual with the theoretical standard deviation shows that on the whole my method of samplit 


gives about as stable a mean as simple sampling. 


ut 
The variation in the number of cuts at the 
different centres about wipes out the greater stability gained by distributing the cuts to the 
different centres. 


odds 
are, and, without a much wider series of tests than have yet been made empirical deductions 
must be somewhat uncertain. But I think it is quite safe to say that if at least 10 and 1 
more than 40 cuts were made from each of the 12 centres at even intervals over the 


Tt is impossible to demonstrate by mathematical processes precisely what the 


106 
harvest 
season, the mean yield for an area of about 1000 square miles could be determined with 


in one 
maund per acre nineteen times out of twenty. The “failures” would very seldom b 


e more 
than 1} maunds out. This depends on the assumption that the frequency distributior 


rs actually 
found are such that the means of a large number of cuts will form a frequency 


distribution 
closely approximating to the “normal curve of error". Where the sampling s “simple” 1 
this is certainly true of populations following the frequency distributions obtained. II, for 
example, 400 samples were taken by "simple" sampling from population like the Deoghar 
1925 and the Godda 1925 harvests, the spread of the mean of the 400 samples would compar? 


with the spread of the corresponding “normal” curve (i.e, that having the same standard 
H + P 
deviation) as follows. 


limits 


8 Normal 
z inside to 1000 outside 1138 inside to 1000 outside 
= to 100 ыы 582 ^» ” 
pE E 8 to 100 
E to . " te 10 " 
= № 1 » n wu 1 s 
G " 
+ 2517 insi T 1000 Normal 
£ -. 2517 inside to 1000 si e. ; 
Ex Se. B22 dd 100 outside l indide to 1000 outside 
+ .. 9011 „ to. 100 to 100 
Sep P" Е. ат €" 


3050 » 


to 100 i4 
1375 1 


i + 
D to 10 ” 


n cannot then be said with certainty, what effect on the rapidity of the a pproach to 
normality would arise from the substitution of my method of s $ 


) к "UN аи „ sampling: 

But as it has little or no effect of diminishing or increasing ш y c of rime 
it probably has the effect of bringing the higher constaté bon : 3 à Fi Н ; DUNT Is their values 
for the normal curve. The nearest approach to a discussion of ^: a TM = | ё gud n 
a paper by "Student" in Vol. VII pages 210 to 214 Biometrika уп ham = » before him 
was not precisely mine, and he distinctly states that his problem : is i t 19 pro чуд 0 dmg" 
problem. It deals with means of 25, not as mine with means Ue grain т her cons- 
tanta for some of the distributions are given below с ша: а. 

earson's nota . 


TNR Godda A В: А 
ч TEP 
Godda ее murus" 10948 6- 0 
as st cutting 030 349 
Jaipur 1924 1st cutting -694 2-729 


: 3-388 
Professor Bowley's tables on pages 271 and 303 


; of his aatis? enable 
one to show how the observed mean is likely to be about the тж Elements of — шше 
for each tract, 10,000 trials would be distributed Pena uemean. Assuming 29 
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Че» yi 
"US. ig i 
к is Pro 5 skewne is mi in Professor Pearson's © ud 
' Е skewness and is Ho 
(к is Professor Bowleys measure Oi Ss З 


| | than | more than М 


| e 
not more thas exo I md. from 


a 


(к) | | md. above | токал mean 4 
mean - 
© бав Ts о XI » 

Godda 19; AS = N 
Jamatra 19 4.752 MS 
Pakaur 1955 5900 536 
Rajmahal 19 Е 1538 
Deoghar 1925 3,999 Er 
Dumka 1925 4,700 ls * 
Jaipur 1925 1.580 к 
Bhadrak 1925 AM X 


м It May, of course, be argued that my method, even if the sam or nearly ЧҮГҮ 
те obtained in а large number of repetitions, may bo defective owing to bias. 
Temain a matter of opinion. "Phe method doss, howev 


"hat must 
im space over the area to be sampled and in tin 


er, sectire that the сыл 7 mee. 
down that approximately the same area shall be under sample on ia ate магове oF tha баў. 

it weights the importance of the contribution mane * e Е ее je dn slacker time only 

A day in the height of the harvest will contribute poten ra aa, contres are selected with 

10 to 20. There is no other obvious form of bins, wnloss ok СОЗУ, es 


Stave disregard to their suitability. 


Ifit be admitted that the distribution of the means ol a tly Lago WNW CERNE 


will 
rings approximate to a “normal curve of error and that the standard deviation of the 
Ns is approximately that of the population divided 


Cuttings, then the degree of accuracy ean be ealeulated, Leaving aside the standard deviations 
а of rice grown on particular classes of land, whioh are somstimes тегу 3 "vi а ae = 
the range of the standard deviation of rice in Bihar and Orissa is from 4 to Y 


7 j O00 would be one 
the lower limit, 240 cuttings would give means of which only 15 out of 100 000 wou 
mau 


15 or more away from the true mean, At the upper \\ about WY ont SW VWA es 
№ divergent, and about 5 out of 100 would be more than 1} maunds away. With a standard 


E > Viation of 8 maunds, 240 cuttings would give a mean correct within one maund about 95 
4 E Out of 100. This last is the basis of my scheme of 12 centres, from which may be expec- 
4. at least 240 cuttings, but probably as many as 300. Where experience shows that the 


standard deviation of a tract is much higher than 8 maunds, the number of centres should 
© Increased, if it is desired to obtain the same degree of accuracy. 


by the square root of the number o£ 


It is of interest to consider what degree of accuracy would ok АНА a M 
the gross yield of the whole provinse of Bihar and Out ae be Be эз , 
the harvested area being estimated as it is present. - 


t Y 
ea is about 1/ 
deviation of the error in estimating the harvested але 


f th» gross yi 
Practically certain (1 ‚092 to 3) that the caloulstion 9 
cent, out. 


pu" 


" 3 б papaya > 3 
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TABLE l. FREQUENCY DISTRIBUTION OF RICE YIELDS 1023-24 а 
Santal Parganas, Manbhum, Purulia Г 'uttack, Tapus 
| Godda Thana. 1924 _ Thana, 1924 | Thana 1924 
Sag 2 d 3 2 zi | 
nas s. 4 E z в | " 
Eis 3 4 A эра од , 2 
SESE. m I А E а A $ S = 
eed a? MES = g 8 3 3] E 
Be ud. rS 5 © Es. $ 5 =. 

1 D o5 Шо g | s 9 10 nu He. 
lc Мот з 8| — i 3 53 16 
31— 41 94 28 24 48 100 28 1 2 Б 8 31 
4—6 | 44 69 49 82 200 43 6 з 40 54 3 
63— 81 45 128 53 90 271 71 11 11 74 102 FB 
834—104 71 126 86 47 259 82| 18 17 84 119 em 

103—12 27 115 78 30 283 62 18 18 100 136 34 
123—14$ 18 223 59 60 342 79 17 31 78 126 37 
14j—17 21 192 47 23 262 67 22 28 77 127 e 
17 —19} 19 173 27 4 204 57 31 19 70 120 21 
191—212 99 18 $2 4 Е “| 159 313 55 
211—231 15 51 9 3 63 17 18 16 22 56 1 
231—251 14 16 6 3 95 4| 16 11 13 40 1 
251—27 12 4 S =з 1 1| 10 9 9 27 " 
274—291 n 6 8 TEST 3| 10 5 a 29 5 
291—312 1 2 S 4 1| 7 8 2 17 1 
311—34 4 в M — 6 Е 4 $ а= 
34—36 „5 * : : Д б 
361—38. oy Rh з с. у. = 2 
381—404 ше Ей E Iis — s 1 : 
403—421 0 E үр Е = — = ms EM - ! 1 ЕЕ 
4923—44 Ex — 1 Ка. са = <= 
444—463 Е cs 2 = = 
463—481 = Se бе“ Sa ad = = 
total no. of | — D 
cutt ings 200 1,929 462 420 2,211 575| 210 7018 613 1041 372 930 999 . 
i 10-67 13-83 11-74 8-56 12-70 12. 46 ERR - 
mean in mds 3-83 11-74 8-56 12-70 12 63, 17 76 16.37 13.40 15.59 164 
standard : 
deviation in 
mds. | 8:06 2-30 5-38 4-71 5-60 5-68 7-48 7-50 
* 75.5 Я 5, 55 T 5 | 49 Б Roco 
ibe v. | 75 5 38-3 45.8 55:0 44-1 45.0 | i 40-0 42:3 43-1 | 58-2 
5 E E 3 Е E S 3 3 3 8 ; 
BR ECTS МАЕ Bes s 3$] g 3 
period of к> — c — c s Е S 2 = ч 1 — Е 
cuttings я — 1 T = F à = & й Е = Е 
| z £ |, | | | | | ` Я a | 
5 5 5 5 5 2 z 2 È > д E é 
© РА Z 2 о о 5 8 z > | я 
ЕЕ аа 
— — 2 S S = = E в ж а | д a 
Ja с oS ТРЕ E ele & 
145: | TUM NA — 


* Coefficients of variation have been inserted by us— Editor. 


TELD IN BIHAR AND ORUSSA 


* 


OR RICE 


Е 


SAMPLING 


“pug unf- ug “AON 


$4305 "2901-3512 400 


"UI ‘92-4305 “PO 


зет un f- O % 


8-88 1-60 1-61 


1 81 


8.89 T99 Oz 


5. 29 


Тев FES 16:5 L6: Y 


26-9 oct 1£-9 


sBuiqqno 
jo poued 


9: OF vov FOF 


. 0 . 0 


18-8 05:9 


17. 17 б! 96: FT 


совт OOF 


LFL £9:9 оту ere 


soak WOES 


| огум 
| еләр 


об! 


19. 6t 


| pispuuys 


"spur 
ur нәш 


$95 19 1 cct 


eov ваши 


уо o 


1930 
= 169—119 


319—109 


| 
ajil 


| 


зе 


$5 
£ 
oe €t 
11 


169—118 


= 110—128 
НЕ үсо—#є9 
= үс 19 
= 19—387 


E NE puso el 


LL an 


“pug 


LL vwyaf 


6261 ‘S@TAIX ADIA 4O NOLLOSDLLIG AONZAOHH[ 


"pup puc 
тиву, eppon 


"Е ATIVE 


(seuviueg uuns) 


чет | "spu 
ul Jea} 


-U1 supo 


Vou. 7 ] SANKHYA: THE INDIAN JOURNAL OF STATISTICS 


TABLE 2 (contd.) FREQUENCY DISTRIBUTION OF RICE YIELDS 1925 


a р aipur Канке Atri 
class inter- Deoghar Thana | Dumka Thana | Thana Farm Thana 
vals in mds (Cuttack) (Ranchi) (Gaye) 

Ist 2nd. 3rd all 155 2nd. 3rd. all all 
0— 2 0 0 2 2 0 0 0 31 0 6 
2 4 0 1 13 14 0 0 3 64 1 8 
41— 6} 1 4 47 52 | 0 1 1: | 19 1 15 
62— 8} 10 10 60 80 0 3 16 | 79 1 32 
841—102 16 28 58 102 0 9 16 79 2 21 
101—123 25 33 42 100 | 5 10 13 | 68 2 26 
123—141 T 37 19 73 | 5 18 18 | 52 4 14 
141—117 39 40 22 8 | 60 5 49 
17 —194 32 39 14 20 | 41 6 21 
191—211 | 48 35 29 Т 30 3 25 
231 31 22 15 5 29 3 23 
33 11 15 5 | 17 9 30 
$ | 34 10 6 6 7 6 23 
278—201 39 14 0 1 8 6 2 
293—311 19 5 0 1 2 1 14 
31—34 26 11 0 0 6 4 5 
34 —361 27 2 2 4 6 Я 
361—381 8 5 — 13 2 1 — 5 3 2 
381—403 | 16 hie IE] 2 = t 5 1 2 
403—421 15 1 — 16 5 — — 3 2 4 
421—442 6 — = 6 5 — — 5 0 1 1 
44146} (i ==. <= 9 a = 2 2 2 - 
461—488 | 9 — — 9 0 — — 0 1 | 
48—51 N 6! 1 = = 1 0 2 
51 — 531 5 5 2 0 
531—951 6 6 2 
55] —518 E = „, è᷑ ͤò K = : 
571—591 би» CONT [n rp — = н — E 
591—612 5 — — 5 E — = = 
615—632 3 EE 0 — an 
total no of | E E E à 
cuttings | 494 310 319 1,123 217 138 134 
mean in mds 27-07 18-13 11-29 20-12 m -64 18-08 14-21 
standard | * 
deviation | 


in mds, 11-71 7-25 5-76 11:59 | 7.69 


5:57 6-80 S-15 | 9-09 11-30 8 73 


c. v. 43˙3 40˙0 51-0 


period of 


cuttings | Oct. 20th—Dee. 26th. | Oct. 25th— Dec. 21st. 


516 312 308 47-9 40-9 70-6 424 500 


| 
| . Dec. 4th 
Dec. 31st Jan. Ist 


Paper received 10 November 1945. 
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CO 
NFOUNDED FACTORIAL DESIGNS IN QUASI-LATIN SQUARES 


By C. RADHAKRISHNA RAO 
Statistical Laboratory, Calcutta. 


INTROD UCTION 


In factorial experi f 
actorial experiments the number of treatments become large with increase M the 
mized block 


number of Ё 

of factors : ТИРЕ ; 

Aden 0 T and also in the number of levels of the factors, $0 that randor 
" s canno „ей i ES x 

ЕЕ je used with much efficiency. To combat this all the treatment comparisons 
— d to two or e tS ; Я п? 

= two or more blocks. By so doing the comparisons arising from the groups 


of treat 
ments assi ^ sam E 
wsigned to various blocks cannot be isolated from the fertility differences 
s are said to be confounded with 


arising fr 

tie — p blocks. In such a case, the above comparison 

different ний E vi "E y agens different sets of comparisons may be confounded in 

(ieee апе acts rat эш if we choose à Latin square arrangement and arrange the several 
at neither should a treatment occur more than once in arow or 4 

comparisons will be confounded 


column 
nor : T Р 

all treatments occur 1m it row ога column, some 
called Quasi-Latin squares 


in the rows 

oe some in the columns. Such arrangements are 
DOUBLE CONFOUNDING. 

and kn the total number of treat- 
atin square arrangement can be 
with the columns. 


2. THE GENERAL PROBLEM oF 


Let ` ч а 
set the number of plots in 3 row Or à column be k 


ment є 

со ях p s Е 2 
nbinations. If kn. then with 7 replications al 

confounded with the rows and some 

from the defect of causing apparent effects due to 


the i 
nteracti кан ке dx д à 
rction of fertility and some of the factors it is always better in factorial experiments 


to gro 

group together all the blocks that form 2 complete replication. This imposes а further res- 
ns can be broken into 7 sets each for 
e replications, both. 


found i 

nd ni 

no а which some comparisons ате 

rder th: " ` s 
hat our experiment may not suffer 


tricti 
lon c + : : 
on the design that the rows and colum ming à re- 
Г randomise th 


plication wi 
now : 
| with z blocks. For the actual layout we have to 
the columns and rows within the replications. 


any fresh difficulty. We give here the 
latin square arrangements of 


colum 
ne —T S 
und row wise, and then randomise 


as 
Phe analysis of such designs does not present 


size Д in which there ате m 

Size kx k wi = Э ; e E 

kxk with » replications in each, confounding some effects with the rows and some with 
1) degrees of freedom and variances 


the 
colv А : 
dum mns. The rows and columns each have m(k— 
о them can be obtained from the row and column totals. The unconfounded interac: 
nt totals obtained from all the 


ulated from the treatme 
f the Latin square it is clear that the effects 


from comparisons within the 
t any confoun- 


general se ` 
scheme of analysis in case 


tions 

8 g а p. 

к and main effects сап be cale 
Squares . 
= . Due to the property of orthogonality о 


confounded wi : 
бей inded with the rows (or columns) cannot be estimated 
umns rows * i а 
ans (or rows). Another property which gives the clue to the analysis 1s tha 

a replication can be estimated 


imei 2 miin effect with the rows (or columns) in ication 
This eae m locum by the rows N columns) in which it 15 not confounded. 
а s a rule w hich is similar to the rule of finding the sum of squares due to the partially 
confounded effects ; V need choose the treatment totals only from those replications in which 
NEAR effect is not confounded either in the rows . Thisis at once detected 
y the two rules, stated above regarding the estimability of an effect. The loss of informa- 

i in the randomized 


tio ; 
n on the partially confounded effects is calculate 


d in the same way as 
a the ratio of the 


ine : А : 

hs omplete block designs. Loss of information on any 
umber 8 815 z н я 
nber of replications from which the effect is esti 


TISTICS [ Part 3 


Vor. 7] SANKHYA: THE INDIAN JOURNAL ОЕ $ 


3. CONSTRUCTION OF DESIGNS WITH DOUBLE CONFOUNDING 
i i inati roblem i iscuss the possi- 
The next problem is to enunciate the combinational proble m and dis : ng 
bilities of the actual construction of designs. The case of symmetrical factorial con жк 
я » asymmetrical case. 
designs will be discussed first and some of the results are extended to the asymmetric: 
gns 


Let there be ‘a’ factors each at s levels. If k= s then the rp 
nk-s. nr= s" and I/r=s**» hold. Evidentlya<2b. The values of r = 1, 2,3 pr f 
only give rise to designs which are of practical value. The useful values of r, s and b are 
listed below. 


TABLE 1 
—— —— 
| | 
r | 8 | b 
prime or | 
1 prime power | a[2 
2 2 | (a4-1)/2 
3 3 (a+1)/2 
4 2 а--2)/2 
| | ( )/ 
4 | 4 | (a+-1)/2 


1 : а В ‘acted by first 
In the case of r = 1, the construction of designs can be very simply effected by nA 
f А М n У TW ; such tha 
forming the design confounding certain effects in the rows and adjusting the columns such + 
: f p = 7 NA Ы " ropert] 

an orthogonal set is confounded in them. The adjustment is facilitated by the prop 


2 А А 7 lement 
that each of the columns confounding an orthogonal set can be built up by chosing one eler 
from each row. 


Air р a eloped 
The introduction of the geometrical method of getting at confounded designs, develope 
by Bose and Kishen (1941) w 


= т 8 , is stages. 
hen s is a prime or à prime power may be used at this st 111 
y 4t " епи 
They have shown that s blocks confounding (5—1) degrees of freedom can be iden 


à "Jat 
wae with the bundle of flats each of b dimensions passing through a common (b — 1) ни 
at infinity. The nature of confounding depends on the way in which all the (a — 2) flats 


passing through the above (р — 1) flat at infinity stand in relation to the ‘fundamental simplex 
defined by them. From this we have the important deduction that two confounded. systems 


in s" plots blocks have their effects orthogonal if and only if their corresponding flats ab 
infinity do not have a common (а — 2) flat p 1 
even), it is always possible to find (4/2 — 1) dimensional flats such that they don't have апу 
(а — 2) flat in common, but the best designs are 5 
tions are confounded. After choosing а, suitable 
of interesection of the bundle of Я 


set of flats corresponding to the го 


at infinity. In the case b = q/2 (a is necessarily 


only those in which the highest order interan 
pair the arrangement is supplied by the point? 
ats emanating from the two (b — 1) flats at infinity, one 
ws and another to the columns, 


nt sets of effects can be confounded. in йе 
to get balanced designs with half the number 
sed block designs. We shall discuss only thos? 
these will be of Practical value. 


Ifs =2,a=4,andb = 2, there are four factors А, B, C, and D and 3 degrees of free 
dom are confounded with the rows and 3 with the columns à C ML 


designs in which k<10 for only 
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CONFOUNDED DESIGNS IN QUASI-LATIN SQUARES 


(a) Using two latin squares of size 4 x 4 we can confound the sets 
АВ; GD + ABCD. 
. AD: АВО; ү 
in the columns and rows of one latin Me the Ex 
AC ; BD: ABCD. 
e 2 BC F ABD; ACD. 
Si ie other, The relative information on the first 


is 1 while the thi i 
} while the third order interaction is completely confounded. 


and second order interactions 


(b) We may use the following sets 
AB: ACD: BCD. 
CDs ABC; . ABD. 


BC: ABD; АСР. 
ы AD; ABC; BOD. 
AC; BCD; ABD. 


BD: ACD ; ABC. 


ed arrangement giving $ of the relative information on 


ng the second order interactions. 


in three loti 
th * latin squares and get а balan 
e first order i á a 
order interactions and. completely confoundir 


(c) With five latin squares we can confound the sets 
АС; BD: ABCD. 


AD; ABC: BCD. 
РИИ ВС; АВР; АСР. 
y two in three latin squares and the sets 
A: Bé AB. 
Ge Ds CD. 


ation on all the effects ivo Ш we 


The relative inform : 
a square, the randomised block design. 


atir 
better than the Latin square arrange- 


repea - T 
x atedly in two latin squares. 
Snore the eain j 8 Я 
with f gain in efficiency due to arrangement in a 1 

е replications confounding the above sets 15 


Ment ij 
in th: agra Я ; 
1 that the relative information on each effect is 5. 
In the case s = 2, а = 6, = 3, there are six factors А, B, C, D, E and Е each at two 


ed design in less than five replications. Unbalanced designs 


ares by con 


lev А 
wels. Ту: : 
There is no simple balane 


can alway à ‘ s М 
m * ways be obtained in one or more latin squ founding orthogonal sets of effects 
^e rows and columns. 


In the case, s = 3, а = 4, b=2, it has 
ations with randomised bl 
The fact that t 
d arrangement in two Latin squ 
as indicated in para 4. of $3. 
as in the balanced 


been shown,by Yates (1937) and Nair (1938) 
ocks which gives balance to 
he confounded effects in 
ares. 


thi 
D c a design in four replic 
several ds d io inna second. order interactions. 
The hiis eee аге orthogonal facilitates the balance 
The relativ с i pps by merging the replications two by two s 
randomised " ears E 2 ше partially confounded interactions in 1, where 
Teplicatio; | DAOG f Ba S 3. But the Latin square arrangement saves the coni of two more 
onie By replicating the: two latin squares the design becomes as efficient as the pu 
fact that $ Wc en block design with equal number of replications, even if we ignore the 
at the variance per plot is reduced in the latin square arrangement. 


It is not worthwhile discussing the higher types of designs from the practical point 
fin s* design with s^ plots blocks (6 = a/2) 


Of view : 
w. But we may give the general result ih ats 
2r replications and the effects that are 


bal: 
ance с: В E Ы Р 
€ ean be obtained in randomised blocks with 
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confounded in them can be split into r pairs of orthogonal sets, then balance can be achieved 
in r latin squares. If 2r + 1 replications are necessary in randomised blocks then utmost 
2r+1 latin squares are required. But these will not be as efficient as the randomis ! block 
designs. 

We shall investigate the possibilities of constructing designs in the case r>l and 
derive the necessary and sufficient conditions in particular cases. Whenever a design with 
conditions stated in para. 1 of Section 2 exists then it is always possible by rearrangement 
to adjust such that the first, second etc., 


s of rows and columns form complete Г 
plications. By adjustment the treatments in the quasi-latin square form into 7? groups of л? 
treatments each, the groups coming in the same row or column not having any element in 
common. These groups need not necessarily be identical in sets of r, but this holds automati- 
cally in the case r = 2. If we take any и columns forming a complete replication together 
with the division into r groups as formed above we get an arrangement in blocks of size kr 
confounding (nr — 1) degrees of freedom. 


In these the (n — 1) degrees of freedom confoun- 
ded in the » columns are neces 


sarily involved. Dealing with columns only we find r such 
replications in blocks of size k/r confounding (nr — 1) degrees of freedom each. Un order that 
the effects confounded in any replication of the rows may be estimated completely from the 


replications in which it is not confounded, it is necessary that any row of the latin square 
should be capable of being built up by choosing one clement rona ench of nr blocks of size 
kjr of any replication of the columns. This shows that the effects to be confounded in the 
rows should be orthogonal to the totality of the confounded effects in the various replica- 
tions obtained from the columns in blocks of size kr. А similar result holds for the effects 
confounded in the columns and the two results are complementary. 

In the case r—2, there are four groups and the treatment combinations in the diagonal 
groups are the same. If we consider any replication of the columns, confounding ( — 1) 
n the effect with one degree of freedom, confounded in the two groups 
into which it is split in the manner indicated above, together with (ж — 1) degrees of freedom 
determines the totality of the (2n — 1) d.f. confounded in a replication with blocks of size 
k|2. Similarly the same effect confounded with the groups in. the other replication. of the 
columns determines the totality of the (22 —1) degrees of freedom confounded in blocks of 
size k/2. The effects that are confounded with the rows must be orthogonal to these different 
effects confounded above. So the necessary and sufficient condition for the existence oi э 
quasi-latin square design with two replications is that there exists а common effect which 
together with effects confounded in the columns (or rows) are 


degrees of freedom, the 


and their interactions with it i 
orthogonal to the effects to be confounded in the rows (or columns). The number of differen 
solutions will depend on the number of such available effects. The actual cor d 


wstruction of %0! 
designs are given below. 

If s = 2, а = 5, b = 3, there are 5 factors А, B, C, D and E each at 2 levels. The 
higher level may be indicated by the small letter and lower level by the absence of ® letter. 
Tt is desired to confound the effects. 


ABC; ADE ; BCDE 


ABD; ВСЕ; Ac. 2o 03 
with the rows and the effects 

АСЕ; BCD ; ABDE | 

АСЮ; BDE; ABCE. 7 (3.31) 


with the columns. It is found that there are two effects ABCD and ABODE which satisfy 
the conditions given above. The solution of the above problem given by Yates (1937) d 
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is given below. ABCDE in 


that corres а 
à sponding to ABCD. The mti i 
conjunction with (3.3) 3 Ж О 
ABC: ADE; BCDE: ABCDE; А; BC; DE 
‘Tip vipliestions ABD; ВСЕ; ACDE; ABCDE; B; AD: CE 
ms are formed in blocks of 4 plots and arranged 
R 2° DESIGN. 


as indicated below. 


TABLE 2. QUASI-LTAIN SQUARE FO 


| abede ] 
| di ade | ed bd 
| ad abed bde Eos в 
abde pu ө qm 
«ace abe | be 1 i 
de 
b abd ae abede bce ac 
be TS E^ —— aS 1 
d 4 а abde be | abed cde ace Re 
e Я» ON. B " EU КҮ ж SR US 
| : bede abee acd abde bd ade е 
pes i x R; 
ДЕ 7 = J gp. s ccn ШЕ FEVER 
° ce | aede abe bde abe 1 ad Ва 
С í — 
d с. Cs Gi Cs Ca Cy Cs 
to В, and R, to Rs and ABCDE is con- 


The 
^e compari 
risons (3.7 у * 
| ns (3.3) are confounded in the rows В, 


fou 
nded i 
n TM m 
1 the groups differentiated above. 
bing the rows, 8C 
to €, - The € 


remains only shifting of the treat- 


Now there 
isons (3.31) are con- 


› that the compar 


lesign given above is arranged in this 


lomisation discussed in introduction. 
We may arrive at а 


of the five sets 


ments j 

S In eae 

founded ни group without distur 
in the columns C, to Cs and C; 


manr 
ner and giv 3 

l gives a suitable layout only afte 
y con 
by confoundit 


The relative inf i sr proper rane 

balanced decies on the partiall founded effects is $. 

of Baca ERN in 5 latin squares four sets 
sons obtained by adding : 


ABE: CDE; 


jg in each 
ABCD. (3.4) 


ach of the confounded interactions is only 


to (3.3) ¢ 
)and (3.31). ‘The relative information on € 


5: Designs 5 
gns confounding any four of the sets. 


АВ; CD; ABCD. 
AC; DE; ACDE. 
AD; BE: ABDE. 
AE; BC: ABCE. 


BD; СЕ; BCDE. 
first order interactions 


and C each at two levels. 
be formed are 


are als 
SO possible ME А š 3 
! le but may not be of use for the are partially affected. 
Various 


Ifs=2 Р 
2,a = 3,0 =2, there are three factors A, B 
ose help the designs can 


ty 
Ypes of е А 
зер confounding and the соттол effects with wh 
en in Table 3. 
In the general case r>2 we may st 
o be confounded i 
hen there exis! 


ther with 
1,2 


ate the necessray and sufficient condition as follows : 
n the 15%, 2nd 
ts а set of effects S S АШ 
the effects Cy, Ca «дй Cy and 
thogonal to the 


rth replication 


"M (a) Tf we denote the effects t 
tie columns by €, Cs +++ ‚С, respectively, t 
with (r — 1) degrees of freedom which toge 


denote by CiS; È 121.2 are all ог 


corres B š : 
etf aei interactions which we 
ects c A 
s confounded in the rows. 
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"Tn ; св 
bb) The 7? groups obtained from r complete replications confounding the ee 
3 D sinc > or 
87, 8 S. are such that 7 complete replications can be obtained by choosing one group 
Ho Men «р 5 я 
from each of the above r replications. 


TABLE 3. QUASI-LATIN SQUARE DESIGNS FOR 2x2x2 


ffects confounded with | | 
hope |— = | E relative. information 
squares | TOWS groups | columns | 
1 | AB; BC B | ABC; АВС | AB Am by 
AB ; BC В ABC ; ABC AB] |. E 
3 Ж ВС; CA С | АВС; АВС | BC | =3, ABC 
CA ; AB A ABC; ABC | CA | 
| | ' = 
1 ВС ; СА G AB ; ABC | АВ = ВС = CA = ABC = 4 
| | | 
AB ; BC B AC ; ABC | AB) _ А 
3 BC ; CA С | АВ;АВС | BC = 8, АВС = 
CA ; AB A BC ; ABC | СА J 
| A; AB | A or B АВС ; ABC A = АВ | 0 
3 B ; BC BorC | ABC;ABC | B = BC j 4. ABC 
С ; AC CorA | ABC;ABC | С = СА 


In the case s = 3, a = 3, b = 2, with a latin square of size 9 x 9 only some degrees 
of freedom belonging to the triple factor interaction need be confounded, ‘The 9 degrees 
of freedom belonging to the triple factor interaction can be split into 4 orthogonal sets , 
Ti- T,, T; and T, of 2 degrees of freedom each. They are given below : 


TABLE 4. ORTHOGONAL SET FOR THE 2ND ORDER INTERACTION 3X 3X3 


combination of Ist, | T E № T T, 
and 2nd factors — levels of the third factor 3 

1 00 | 021] о 12| озі 0 1 2 
КН o 0 ї 0.90 gn | 102 2 0 1 
: "T ee 2 d. 16 | 120 2 1 0 1 2 9 
4 01 LOIN ЫШ эла 2 0 1 
2 WP xx] 9 1 | s; 0 p 2 0 
6 21 | 102 2011 бат p 1 2 
7 | 02 mB At эт 210 120 
8 | 12 | Е Li | 1 2 0 0 2 1 9 1 2 
9 22 | 2 1 | 012 1 0 2 9 1 


| А 

(a) Two sets T, and T; may be chosen for confounding in all the replications of the 
rows and columns respectively so that no information on Ti and Т, can be had from one square. 
The design is constructed with the help of choosing any third set Ty, kAi ory or any suitable 
second order interaction for the effects S., S, and S, defined in para, (b) above. With two 
squares confounding T, and T, in one and T, and T, in another we have a balanced arrange- 
ment which gives 1 the relative information on all the four. i 

(b) A second system of arrangement is 


to confound the sets Т,, T, and T, in the re- 
plications of the rows and the sets T5, T, and T 


15 
1 . mi Tia 
in those of the columns, The relative info 
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mati жү. то т (m ois E ER ME 5 
tion on T, and T, is } and that on T, and T, is 3. The construction is effected by choosing 


а sec rder i H Я x : Ч " а : Я 
cond order interaction for Si, S; and Sz. The solution is given below. 


TABLE 5. THE QUASI-LATIN SQUARE DESIGN FOR 3x3x3 


10 6l 82 | 50 71 | 32 90 | 21 | 129 | 
60 81 12 70 31 52 20 41 92 T 
80 11 62 | 30 51 12 40 | 91 22 
а | — 
| 31 12 50 22 90 41 | 8 62 10 | 
| 51 32 70 42 о | m n р 83: | 60 Т» 
71 52 30 92 | 40 | 21 61 12 | 80 
ö ч - E RR 
| 22 90 | 4l 81 62 10 72 50 31 | 
| 42 20 91 11 82 во | 32 70 51 | Ts 
| 9 | 40 c a | 12 | во | | 30 71 
- Ts т, 


' 
Phe cont es : 
Do confounded effect in the group of any replication row or column wise is the comparison 
define к И * к 

hed by the following table. 


TABLE 6. Тив COMMON CONFOUNDED EFFECTS IN GROUPS ‘OF TABLE 9. 


levels of the third factor comparison 
031323 132 
00 ＋ . 2 6 5 4 
0-- 14-2 s 7 2 


er proper randomization. We may choose 


The design of T & S ai ; aft 
another so A able 5 is нени № азай s " T together ШИ above for balancing. 
The Wade » воцей ing N. Ti A and Ts, Us, 14 *og ta 

information is } on all. 
TABLE 7, 8X8 QUASI-LATIN SQUARE FOR 25 DESIGN. 


ABCD ABCD ABCD | ABCD | 
| 44 223 3 33 21 | 14 - 12 
| : ills ABC 
Ado g 22 34 32 24 | їй. «йй 
23 34 44 3 41 13 23 31 
; BCD 
33 24 11 o9 | 14 43 32 42 | 
32 | 99 31 | р 
e н | 1 m. | ABD 
| il 12 | ы 24 | | 2: 42 33 34 | 
23 31 14 42 noo эй cedi o uir 
9. 
32 21 | 33 18 44 || 4i 4 
| — — 
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In the case r = 4,5 = 2,4 = 4, b = 3, there are four factors A, B, С and D. The 
effects ABC, BCD and CDA cen be confounded with the rows and the effect ABCD with the 
columns. The unrandomized design is given in Table 7 where the first and second figures 
stand for the following. 1 = (1), 2 =a, 3=b, 4 = ub and 1 (1). 
3 = d, 4 = cd. Thus 44 stands for abcd. 


= ©; 


4. EXTENSION TO THE GENERAL FACTORIAL DESIGN. 

We can, now, extend some of the principles enunciated above to the asymmetrical 
factorial designs of the form p x q* in pq plots blocks. When q is a prime or a prime power 
it is possible to divide the (4 — 1)? degrees of freedom belonging to BC into (у > 1) orthogo- 
nal sets of (4 — 1) degrees of freedom each arising from the comparisons. | 

Qs Quo iius QUE Pee 1,2)... 14 =D) = 9 
It has been shown by Nair and Rao (1941) that a design for pq? in pq plots blocks can be found 
in (g — 1) replications if p<q obtaining balance on any of the comparisons (4) and it 
interaction with А. For complete balance (q— 1)? replications are necessary. Since Д 7— pt> 
k = pq, r = p; (q I) replications can be arranged in the columns and another set үн 
(q — 1) replications giving balance over an orthogonal set can be arranged in the rows if 
р = (q I). It is easily seen that А is the only possible effect that can be confounded among 
the groups. Трих only опе type of square is possible for any sets of replications. A completely 
balanced arrangement can be found in (q — 1)/2 (if q is odd) or (q — 1) (if q is even) latin 
squares. 
For the asymmetrical designs p x q in blocks of p plots the combinatorial restric- 
tions give, 
Er = pg, k = p, p = rq Ex 
so that pg = rq? and the design with two factors А 


and B can be reduced to à design with tiree 
factors by the introduction of pseudovariates A 


А Sr һе 
‚ and А, at levels and ГА building up tl 
levels of A. The construction of designs may be The 


followed as in para. 1 of Section 3. 
analysis may also be carried with the use 


of pseudovariates. Thus 6 3 design is possible 
in а quasi-latin square 6 х 6 confounding some effects of the internetion, AB with the 708 
and some with the columns. The main effects are completely preserved. ‘The design and 
analysis will be identical with that of 2 x 32. The desiens 9 С 3 Е га — can always be 
arranged in 9X9, 8X8 etc. quasi-l D are ie nea ANM 


Ө айп squares confounding the first order interaction only; 
with the use of pseudovariates. 


The use of quasi-latin square 


> И : E $ m confounded arrangements for factorial designs 1 
explained in this article. 


; The necessary randomization, the proper analysis together with 
the method of construction of the possible designs are discussed. The possibilities of arranging 
varietal trials in quasi-latin squares and the v B 


arious ty > ‚ fount 
arious types of designs have been already fot! 


(Rao : 1943) and a description of the methods is given be 


low. 
9. QASI-LATIN SQUARES IN VARIETAL TRIALS 
> The methods developed in previous Se 
ments involving a number of varieties. 
parisons but the number of replic 


In ctions can be extended to the case of expe! 

These designs not only enh ont- 
ations is sometimes halved. 
arrangements in quasi-latin squares c 


ance the precision of € 
The fundamental problem 9 
onnected with varietal trial may be stated ав follows. 
There are v treatments which are denoted by T, T... T ds B e 1 lattice 
squares of l cells each such that the i-th variety inh in. А the 


is replicated ri times on the total and 
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treaty * 
atments Гр T 
{ and T, appear 8 8 зс 
EH ud ather i i 
, appear together Ajj times m the rows and columns ombined in all the 
i 


squares i i 
sand aj times in all the squares 


: „ (571) 


№10, АА ij ji 


(5.2) 


ri Tr.. „ N y 
2(k—1l) ri=uTt: ЕМУ 
(0—1) mic НШ .. (5.3) 


be carried out as indicated below 


ral type of design can 
varietal effects are denoted by 


"'heanalvsisc 
The nom ея analysis of the most gene 
"mal equati fei 
ONE Фо equations giving varietal comparisons (the 
v for comparative purposes) are 
ri (& =) 1 1 
i : ПЕЕЛЕ хуб » 
1 m yt 3 my t .. (5.4) 


e i-th treatment 
he i-th treatment occurs 


ight being the number of times 


where 
Qi =the sum of observations on th 
T sum of row and column me 
the weighted total of square means, 
ceurs in 


on of the system 
e can be given 


ans in which t 
the we 


the i 
he i-th treatment О a square. 
п of normal equations( 5.4) then 


T 
t P ty, ta ,... ty consti ай Ў 
te analysis of , constitute а soluti 
ysis of vari: а ви: 
variance table leading to tests of significane as follows. 


ОЕ VARIANCE TABLE 
— 


TABLE. 8 


sum of 


variation due to | df. 
| squares 

squares п—1 U 
columns | n(k—1) U 
rows | n(k—1) J 
treatments | on S. 
error | — 7» 

o E = — —— — 

total | п —1 U 
E. __\ 


] manner. The sum of 


ated in the usua 
The expressions 


are to be ealeul 
uares'. 


The ex A 
1e expressions marked by U 
aleubated from ‘within sq 


Squares 
worked p» to columns and rows are to be € 
у —are obtained by subtraction. 
and j-th treatment effe 
then the variance of (ti 
estimate of e? given by 
ment compa 
rangements fo 


cts is estimated by (ti--t; 
2, where 


—в) is given by (i—i) ©» 


l'he difference of i-th 
n the above 


quivale 
9? ig the ent to 1,Q:+- . HQ 
error vari i 
analysis of or variance so that using the 
ysis of vari < 
; variance table we can test for treat! 


is 
e 
the error line ir 


risons. 
s is when 


T varietal trial 
e deriv- 


Tm р 
all the E simplest case of the quasi-latin square аг 
arieties occur in each suqare and Aye? for allt and J. These designs ar 
te block designs for the system of parameters 
65) 


able Ф 
4 
om the solution of the balanced incomple 


v=m?, Ь=т*+т, k=m, ram+l 
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esign 
i This i solv > serjes s a the desig! 
vhere m=p* (p being a prime and san integer). This is a resolvable series so that 

b 5 


EI : 4- js even we 
can be reduced to (m--1) groups of т blocks each containing m plots. If (т 1) is Ai 
; ө] + ; — П D asi zn Squares. This is yossib 
can combine the groups two by two to form n=(m-+-1) 2 quasi-latin squares. Phi 1 


^. axitlatin square 
due to the orthogonal property of these groups, the rows and columns of a quasitlatin sq 


i i T ay of replications 
representing two separate replications in the original design. Thus the number of replic 
D 2 D 
can be halved. 

In this special case и =1 for all i and so that the normal eauations becom! 
= sa б) 
К 
ke 
so that | 
: n(k—1)* 
and CA ә р (57) 
D V(t, —t;) = — Ec oS 
U= ра | 


Я p ‚ " с .. 7 эы. › assu me 
Various other types of designs can be derived by allowing A's and js to ё 
assigned values. 


REFERENCES, 


al symmetri- 
Bose, R. C. AND KisHEN, К. (1941) On the problem of confounding in the general sym 
cal factorial design Sankhya, 5(1), 21-36. 
2. Narr, К. В. (1938) On a method of getting confounded arrangements in the genera 
cal type of experiments. Sankhya, 4(1), 121-138. i 
3. Narr, К. В. AND Rao, С. В. (1941) Confounded designs for asymmetrical factorial exper 
Science & Culture, 7, 313-314. 7 ` 12) 
1 ý : sconce, 1204 
4. Res; Y. (1943) Quasi-latin squares in experimental arrangements, Current Science, 120918 


1 symmetri- 


iments. 


Yarrs, F. (1937) The design and analysis of factorial e 


+ 35. 
Й хо. 
г S ES xperiments, Tech. Comm. № 
Imperial Burean of Social Science, 


Paper received 7 December, 1942. 


304 


| 
| 


ENUMERATION OF NON-ISOMORPEIC SOLUTIONS OF 
BALANCED INCOMPLETE BLOCK DESIGNS. 


By HARI KINKAR NANDI 
Statistical Laboratory, Calcutta. 


INTRODUCTION 

block design with parameters v, b, 7, E, X 
renaming of blocks and varieties. 
has been discussed 


T es pis Ter a balanced incomplete I 

»e isomorphic if they are identical except for the 
all possible non-isomorphic solutions 
usain (1945) who has tried his method 
A variant of that method 


p of the enumeration of 
ч curd iae Cox (1940) and recently by Q. M. H 
having eer cee designs only (i.e. v = В ж k, X= 2). 
та. i pn ge his been applied in this paper to in unsymmetrical designs ч 
BIS in lue vía b i == Dy re 35 2, and (B) v = 10,6 = 15,r— 6, Е = 4, X = 2, which 

exiens obtained by block section from those considered by Husain. 
two blocks have just А treatments in 
In the unsymmetrical cases, We 
ular block 


In "E ; з 
the symmetrical design, any common 


whic 8 
Es the building up of $ design step by step. | 
(called the 55 of the number of treatments common to a partie ; ; 
section 2 5 block) and this other (b—1) blocks. A general solution has been given in 
With à=] rete Eom which it is seen that the frequency distribution is unique for designs 
, and also for those obtained by block-section from symmetrical designs with А2. 
and it has been found that (A) has 
and Yates (Tables, 1938), and 


solutions given in this paper 


only Meo cma enumeration is given in section 3; 
Bose (1939) € ae with tic the solutions given by Fisher Е 
as [o]. a t 5 уйле (B) has three non-isomorphie pa par 
læs] while á ‚| al ; the solution given by Fisher and Yates (Tables, 1938) is isomorphic with 
nat given by Bose (1939) is isomorphic with [Ba] 

always pe hs has shown how from a symmetrical design with v — b, b awe oan 
Be a i y 5, зу block-section the designs with parameters v = UE, b = b, ^ = T: 
X, x = А. It remains to be seen how far the reverse process of block-section 1.6. 


à ljuneti З 
junction of the blocks of the designs c" К, pb, rear ls M = тю the 
trical design. In section 4 it has been 


latter des; 

ее | їп general pombe; giving the symmetrie $ 

is given & ; a Ишенов is possible in bot h the cases considered. above, and a general n M 

fem. pes purpose: (A) after adjunction leads to only one solution at в = = "i 

sion of ны ач 2, while (B) bum to three non-isomorphie Зор) thus veri jing vs а 

беъ. — (1943) regarding the two symmetrical designs : 5, A=2 8 
b= 16, r = k = 6, А =2. 


y=b= II, 


MMON TREATMENTS 


THE NUMBER ОЕ CO 
mon to the 


of treatments com 
gral values 


) positive inte 
D n, nz k). 


2. FREQUENCY DISTRIBUTION OF 


Let us consider а variable x giving the number 


initia 
itial block and any other block ofthe design. Then there are (6—1 


of is 1 Г = .. 
this variable. Let fı stand for the frequency ofthe value 2 =! @= 0,1» 226 
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M ir isi tSo tJa е 51 
| fi + 2fs +--+ nf,=k(r—1) (1) 
fi Hon Ef гПа) | Nu 
АП possible solutions satisfying (1) can be obtained by adding to any particular solu 
solution, 


fa fs — 3f, T (n*—3n--2)/2. fa 
Ah 3f2+ N (n?—2n) f, 


fe fingen 


Я integral 
T е E sitive integre 
The admissible solutions are those giving positiv 


fz = 3f. —6f, —... = (ип). f. etc. | 


fas fue, fa being arbitrary, 
Saltos for Fo, fi... Ja- For the partieular solution we may try, 
Tot nose: Js | 2) 
fi + fe = ел) " ( 

fork 4fs = kr) 4 КОЕ 1)(A— 1) 


Now we shall consider cert. 


ain special cases which will be of use 1 ‘ 
Case Г. x= 1. For the particular solution we have from (3), f, = (b—1) а ар Р 
fi=kr—l), =0 the values being positive integral ; and from (2) it is seen that this | 
unique solution as otherwise f, will be neg 


ater, 


ative. d 
Case II. X=2and the class of designs : v’ — v—k, b'—b—], r, A. A. xX obtainec 
For the particular solution we have 

Һ=0, fi = 202 = 2(r’—2), 
and here also the 


by block-section from v=b, r=k, X. 


fa = (:—2)(k—3)/2 — (^ 2)(7 —3)/2 
solution is unique otherwise f, will! 


It should be noted that this unic 
easily seen from the designs : 


зе Negative, 

jueness of solution is not a 
(a) v = 10,5 = 30,7 
r= 8, k= 4, д = 3 each of which has two solutions for 
(a) Л, = 8, fy = 18, f. =3, f, = 0 and ей, f= 
fa =12, f, = 0 and f; = 0, f, — 7 


general property Ww 
гапа (b) ú = 9. b- ^ 
frequency distribution — 
21, fe 0. l, and (b) /,—1. fe 


9, * 3, A2 


ju 1" 
"ates 
» fam 9, fy — 1. The solution given in Fisher and Y 
Table (1938) for the latter design shows both the distributions of fa^; 
3. ENUMERATION 6 
We shall now consider the enumeration of the solutions of the design: “ ~ 
5 10, == б, K 3, X 2. 


Suppose any block to be fi 
ese tre 
replicated four times and each of the 


2, 3. 
lled up by the treatments 1, 2, 


placed in such a way that s 8 
pairs occurs once 

r nine blocks h 
remaining six have 
ly filled up as shown be 


In the other nine blocks th atments are to be 
three 
section 2 it is seen that three of the othe 


with the initial block and the 
nine blocks can be unique 


only. From the results * 
ауе just tio treatments in aer 
just one treatment in common. Hence 5 
low : 
(52,3); (1,2); (1,3), (2,3) 
Let the second block be filled пр by the 
blocks suppose y blocks 


+ (1); ); (2); (2); (3): (3). A 

new treatment 4. In order to place4 in the oF “4 

be chosen from those containing two treatments (called two-tre® 
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INCOMPLETE BLOSS 


atment (called one-treatment blocks), then 
partially filled up design : 


NON-ISOMORPHIC SOLUTIONS FOR 


ment Rs) i у 
x blocks) and x from those containing one tre 
W. / A., дә : + у 

) A. 4 2% = 4. which give x = 4, y = 0, thus yielding the 


64. 2. 3): (1. 2. 4); (1,3); 0.3): 1,99; 


Pill u ‘ 

) the ^ TE 

p the third block with the new treatment 5 and then again for 5, x4 у=+,х--?н+==6. 
atment blocks they are chosen. То 


giving r= 2, y—23. Si 
à £3 2. Since there are only two one-trez 
proceed in the following way which will 


(1); 2.4); (2): (3,4): (3, 4). 


choose the 
be usefi + other two two-treatment blocks we will 
seful i re i: 3 
in the enumeration of the second design. 


pt the new treatment introduced at this stage. 


Thus M = the — exce i 
1 г: emu y ie 97,4 si them according Sn to this stage of placing 
Will be found tl К e 505 the corresponding ; This shown above 
AGNES бов рев remains undashed. Hence in choosing the 

ach containing 4. and 2 or 3 (i.e. the blocks (3.4) 
the unique solution is 4 
5): (2.5.6); (3, & 5); (8. 4. ö). 


ә 


treatment. where it 
two remaining blocks we 


(2.4). Hence placing the 


remaini ` 
ning treatment 76 to fill up the block, 


(1. 2, 3); (1. 
): (4. 2. 4); (1,3,5); (2.3.6): (1,4 6); (1,5,6); 2. 4, 
enumeration. of the solution of the design : = 10, 6 — 15, 


We next consider the 
the treatments 1; 


* 6. bem 
J. K 2. Fill up the initial blocks with 2. 3, 4. Of the 
one treatment in common with the initial block 


remaini 
ing fourteen. blocks, eight blocks have 
So the blocks filled with these four 


and t] 
ле other six i 
her six have two treatments in common. 


tre: 

Yeatments will be as follows : 
12. TU 

(4. 2, 3. 4): (1,2); (1,3): (1,4): 


Fi 
PE ехал block with the new treatments * 
which 3 blocks (y) for placing of 
(3,4) ms | Saad, у=1. Айу one of the two-treatmen 
е chosen. But choices of one of (148), (1,4), (2+ 
29 Consequently we have 
atment block are 


(3): (3): (4); (4). 


2. 3); . 4); (3,4); (05 (1): ) (2): 
The number of one-treatment blocks (x) 
ety = 5, * ＋ Dy = 6. 


(1,4), (2.3); (2,4), 


hic аз сап be 


nts 5, 6. 
given by 
$ blocks (1,3), 


3), (2,4) are 1зотогр 
two non-isomorphie 


then chosen 


5 is 


seen | " 
DV " 
Ways oie cla the names 3, 4, or J 
уз of c : s 
choosing one two-treatment block and the four one-tre 


Uniquely giving 
[о]; р 7 
TEREN (4. 2. 5. 6); (1.3.5): (1,4): 
| (3): (4,5); (4,5). 
B: qux: 
(1,2,3,4); (1,2,5,6); (1,3); (1.95 


(2,3): @, 4): 8, 4x 00:0 @.,5); (2): (3, 5); 


(2. 3); 24: (3, 4, 5) (1, 5); (1): (2,5): ©); 


(3,5); (3); (4,5); (4). 
atment blocks (2). two-treatment blocks (y), and three- 
2y | За=7 


alloted is given by 


＋ 2 = 5, w -- 


At thi 
lis ste 
15 stage the number of one-tre 


treat 
atme 
The ent blocks (z) to which 6 is to be 


* 
‚ у= 9. 1 4. 


admissi 1 < Й к: 
nissible solutions are (i) 2 = 0, У = 2, а= 3; (ii) == 
ible and as such the only way of choosing 
design filled upto 


(1,6); 1); 0.5): 


Case 
se [a] Heres i T А r 
re solution (27) is obviously imposs 
6˙ аз: 


“ccording to (i) will be the blocks (1), (2), (3) (3,4). (4,5) giving us the 

(1,2,3,4): (1,2, 5, 6) ; (1,3,5); (1,4); (2, 3); 2. 4); (3: 4 9)5 

be 6): (3.5): (3,6): (4 5, 6); (4.5). 
ing the third block by 7, we see that it can be pla 

admissible solution ofa tyre 5, 

(1, 2, 3,4); (1, 2, 5, 6); (1,3,5, 7); 0,4); (2.3); C 4,7); ( 
(1,7); 2,5); (2,6, 7); (8 8); (3, 6,7); (4, 5, 6): (4 5. 7). 


v in one мау in the other 


5 . 2% f 8 
3, 4, 6); (1,6); 


ced onl 
9 giving us- 


bloc] 
ks corr à 
corresponding to one 
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КУ Vion: 8 BAI 
н Ё ee-tre nt 
" "hé fourth block is now completed with 8, 9 and 8 is to be placed in two three-trertme 
| T MW three two-treatment blocks. The possible ways of choosing these are : 
ocks hree CAE gt А 
[ал] (1,6) (2,3) (2,5); [а] (1,5) (2,3) (3.5) ; fa (1, 6) (2,51 (3.5): [e] W * А, 
(А 2. З) (2.5) ; [а] (1.7) (2,3) (3, 5); [ag] (1, 7) (2,5) (3.5); fa, (2.3) (2:5) (3, 
^ est and 
Now [a;] can be shown to be impossible while [æ] is isomorphic with Jan]. [o ] with [е,] 
» 5s. 9 1 P 


ЧЕ 1234567 PUN. n is isomorphie with 
[в] with [а] as the transformation (1 32457 1) shows. Alsof e| is isomory 


ы з 1234567 
[az] as the transformation (1 ein 


Pa sene d 
) reveals. Hence the two non-isomorphic way 
placing ‘8’ give 

[em] (52,3,4): (1,2, 5, 6) 00, 3,5. 7); (1,4. 8. 9); 
(1,6, 8) (7) (2, 5, 8):(2,6,7) (3, 5) 3 (3, 6. 7; : ); (4,5, 6) (4, 5, 7. 8) 
(4.2.3. 4); (l, 2. 5, 6); (J. 3. 5,7); (1,4, 8,9); (2, 3); (2,4, 7, 8) ; (3. 4. 6 h 


Ve USE RT) (2:8, 8« (58,7); (0,558): (3,6, 7,8): (, 5, 6): 57. 


3. 8) (2,4. 7) (3,4, 6): 


[as] 


In placing 9 in [a] we hay; 
blocks, and as there are on 
three-treatment blocks c 


е to choose two two-tre: 


өг: tment 
atment blocks a | thre» three-trez 
ly 


two two-treatment blocks, they will be fille Lup. ‘Then "ES 
b ап be chosen in two non-isomorphie ways namely [а | (2.3.8). E. ith 
(4,5,6) and [ay] (2,5,8) (3,4,6) (2,6,7). Of these, the 

that of 8 in [а] or [o,] . Again [а] 

two non-isomorphie solutions 


placing of 9 in [eye] is — Y a] 
admits of only one placing of 9. Hence fror 
ате obtained : 
lan} (1,2,3,4); (1,2,5,6); (35,7; (148,9); (2, 3. 8.9): (2, 4, 7, 10) : 
(3.4, 6. 10); (1,6, 8, 10); (1,7, 9, 10); (2, 5. S. 10); (2,6, 7, 9); (3, 5, 9, 10) 
(3, 6, 7, 8); (4, 5, 6. 9); (4,5, 7. 8) 
[в] ар пант: 0.4, а, шт, 5 8, 10) bl. 4 2. 81: 
3.4, 6, 10); (1, 6. 8, 10): (1,7, 9. 10); (2, 5, 8, 10); (2, 6, 7, 9); (3, 5. 8.9) 
(3, 6,7, 8); (4, 5, 6, 9) (4 


+ (4,5, 7, 10). 
Case’ [В]. Here 


м. 


| ie with 

26 for placing of 6 solution (/) will give its placing isomorphic 

that of 5 in [o] and according to [ti] placing of 6 will vield 
ae 0,270,456; пй, в: 
(2,5); (2, 6); (3,5); (3,6); (4, 5); (4,6). 

Lilli > thir ] ith 7 Ае 

Filling up the third block with and 8 other fixe blocks which all contain two treatments 

accomodat2 7 can be chosen in the 


following way, 


2 ment block cont we have 


t wo-treat- 
choose 


are 


aining ] i.e. 


(14) plazing of 7 will be isomorphic with that of 
isomorphic as is easily seen by 
ways of choosing the five block 


We have to choose „опе 
ither (14) ог (15) or (16). If ме 3 
5 № [а] while choice of (15) or (16) 
So there 


to choose e 


interchanging 5,6 are only three non-isomorphié 
18] 0.5) (2, 4) (2, 9) (3, 6) (4, 6) 
1B] (1, 5) (2; 4) (2, 6) (3,5) ( 


leacing to the partially filled; 


18.1 (1,5) (2, 4) 
4, 6) 


p designs : 


(2, 6) (3, 6) (4, 5) 


81! (J. 2, 3, 4); (1,9 5,8); (J, 3, 7, 8); (1.4): (2,3). E. 4, 7); (3, 4. 5. 6): 
(1,5, 7); (1, 6); (2. 5. 7); (2, 6); (3, 5); (3, 6, 7); (4,5); " 6 7). 
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ы = — 


— 


NC CIN > Q + 
)N-ISOMORPHIC SOLUTIONS FOR INCOMPLETE BLOCKS 


[В] (1,: 6): ( Е 
(1, e E E 
[Bs] (1, 3 5); (2, 6, Т); G. 5) ; 8, 6, 7) 505 5. 7) ; (4, 6). 
6, 5, 8) :0,3,7,8) 50,4) :Q,3) 3 E, 4,1) ; (8, 4, 5, 6) 3 
5) = (2, 6, 7) : (3, 5, 7) 3 (3, 6 505 5) ; (4, 6, 7). 


three-treatment block ; and it may be noted 
choices make the placing of 8 isomorphie 

in the abov: three solutions. For 
ys, but again in case of [Ps] 
and in the case of [Ps] 
dur non-isomorpbic 


As Yr 
As regards placi à 
that gards placing of 8, we have to choose one 
| except tl i Xn 
M ле ch ice of the c (2 7 
With that of 5 in the block (2, 4. 7,) all other 
ES nbn cai [x]. Hence 8 is placed uniquely 
9 eac р ` i 2 : 
1 of the three admits of two non-isomorphie wa 
t of 7 in [Ail : 
Thus we obtain fe 


5, 6) ; (1,8, 7, 8); (I, 4 9, 10) ; (2, 3, 9, ( 
7,9) ; (1, 6, 8, 10) ; (>, 7. 10); (2, 6, 8, 9) ; (8, 
8, 9) ; (4, 6, 7, 10) ; 

7. 8) : (1,4, 9, 10) (2; 
5, 7, 10); (2, 6, 8, 9) 3. 


(Aull (1, 2, 3, 4) ; 0.2 

(85 4,5). ) 8 

(3, 6, 7, 9) : (+ 5 

= mee . ә, 

al (1,2, 3, 4) ; (1, 2, 5, 6) ; (1,3 
(3,4 Ен 

: rin $ (1, 6, 8, 10) ; E. 

, 6, 7, 10) ; (4, 5, 8, 10); (4, 6, 7, h. 


3, 9, 10) : (2,4, 7, 8) ; 
3, 5, 8, 9) ; 


[бы] (1,2, 
^ е, 8.4) ; (1, 2, 5, 6); (1, 3, 7, 8) ; (1,4, 9,10) ; (2, 3. 9, 10) ; (2,4, 7, 8); 
(3, б. 6) : (1,5, 7, 9) ; (l, 6, 8, 10) ; (2. 5, 8, 10) ; (2, 6, 7, 9) ; (3; 5, 8, 9) ; 
е. 3, 6, 7, 10) ; (4, 5, 7, 10) ; (5 6, 9 9). 
wl (1,2,3 
1 d, 2, 3, 4) (l. 2, 5, 6) 5 (1, 3, 58) 5 (154 9 10); (2, 3, 9, 10) 3 2 4, 78 ; 
5, 8, 10) ; E. 6. 7, 9) 6,5. 7. 10) ; 


2,5 
3.4.5.6 
v +, 5,6) 50,5, 7, 9 (b 6, 8, 10) ; (2, 5 
3, 6, 8, 9); (4, 5, 8, 9) : (4 6. 7, 10). 

any other block of the above solutions 
Taking the last block of each 


th [23] while [1], (Bs) 


this isomorphism. 


ce of 
] set. 
1] is isomorphic wi 


seen whether choi 


Now it i 
w it remains to be 
e with the [2 


as th 1 
e initi: 
Solution Ида] makes them isomorphi 
as the initi 
аз the initial block, it is revealed that ГА 


аге isonx 4 i à 
phie with [æ]. The following transformations establish 
[ul g 25865710152 10 
8 10 5 2 6 3 9 7 4 
Lal $ °з 41 бс 10 
123221445 ) 
(Bail ca 485495157 
13 8 g „ 
r—6, k—4, A=2 given 


He 
nee 
> we vet three s = ; ; 
g haree solutions in all, for the design; т==10, "=15, 


in the 
e paper as [жуу], [23]; [Z3] 
BLOCK ADJUNCTION 


4. PROCESS OF 
r=k=5, А=2 


hie solutions. 
1 by block- 
metrical to 


r b II, 
on-isomorp! 
gns obtained 


e unsym 
and if possible how 


m symmetrical design, 
2 has three п 
arding the desi 
pass from th 
f blocks ; 
another. 


line — (1945) has shown that tl 
This = one solution while v=b=16 r—k=6, A= 
s, а е > а: т" 
ong with the conclusions arrived at above reg 


вес 
On, raises 

raises the problem whether it is always possible to 
by suitable adjunction o 


the 

corres " < 
responding symmetrical design 

stand in relation to one 


do the + 
? non-isomorphic solutions of the two 
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i ioi is » desi ob- 
It is obvious that the designs whose blocks need to be adjoined is the design 


tained f om the symmetrical design by block-inter: 


ction. о the necessary conditions for 
Я p a : А it exist, and 
the reverse process of block-section are: (1) the design of block-intersection must exist, an 


(2) the distribution of x, th : number of treatments common to the initial block nd any ud 
block in the two d. signs to be adjoined must be complementary in the sense that if in the е. 
mer f, =1, then in the later f; must also be equal to J. If adjunction is possible. Пон 
arise two situations: (7) more than one non-isomorphic w ays of adjunction may be possible $ 
(ii) after adjunction two non-i omorphie solutions may become isomorphic, 
of solutions in the unsymmetrical case 
of solutions in the symmetrical case. | 

It is easy to see that the necessary conditions enumerated above are satisfied in 
the case of the designs (А) and (B) considered in this paper. 
junction te . blocks of all possible 


so that the number 


А ь ber 
may be less than, equal to or greater than the num 


The former requires for ad- 
n aint rese 
pairs of five new treatments and one block containing tl 

five treatments to get the design; v=b=11, r=k 


š sible 
while the later. all possibl 
pairs of six new treatments to obtain: v=h— 16, r ==, A—2. 


For actual adjunction 
the following method may be 


и x ag ат ai d if it 
attempted with slight variation in complex cases and 
succeeds, adjunction is possible ; otherwise not. 

(A) The solution is [z] : 


вит, 8] (2. 3, 6) (10, 11] (2, 4, 5) [8,11] (3. J. 6) [S. 9] 
(L, 2, 4) [9, 10] (1,4, 6) [7, 11] (2, 5, 6) [7, 9 7. S. H. 10. 11] 
(1,3, 5) [, 11] (1,5, 6) [8. 10 (3, 4. 5) [7, 10] 


2 ; P ера Т its in 
To the first block we adjoin the treatment pair (7. 8). The second having two treatment г 
common with the first, two other new varieties (9, 10) are adjoined to it. The third block 
has two treatments in common with the first but on 


5 ‚ treat- 
ly one with the second, Hence the tre 
ment pair to be adjoined to the third will cont 


ain the new treatment 11 and one of 9. d 
In this way trea ment- pairs are allotted to the remaining blocks keeping in mind that any two 
new blocks have just two treatments in common. 

in[ | and it will be found that the 


satisfied. 


ж we nre shown 
In the above, the adjoined pairs a:t sh 


xps м К ‚ аге 
conditions of balanced incomplete block designs ? 


(B) The solutions are Lil, [23]; [Вы |. 

joined to the first block. Then out of the 
mon with the first, two blocks 
each other, to which ne 


Es А 8 е 
Here, in the first place, a new treatment pair is é 


six other blocks which have two treatments in com- 
are chosen which have also iwo 
w treatment-pairs 
and then following the above 
to each of the three : 


р ith 
reatments in common n * 
аге assi jus ssible = 
Sreassigned . In all the three cases this is possil -— 
method as in the саке of (A) we have adjoining 


only one way of 


[zu] [z's] 157 5 . 
an AM а выб, SULIT ү, 4) (11, 12] 
(J. 2, 5, 6) [13, 15 (1 6) [13, 15] (1, | 13, 14] 
(1,3,5, 7) 14,16) ц, 7) [14,16] (137 8) (13, 15] 
(4. 4. 8, 9) [13,14] (l. 9) 118, 14 пло 10) 14. 15] 
man 005,10] 4 ,. 10 за . 3 9, 10) [13, 16] 
(2, 4, 7, 10) [13, 16] (2, 4,7, в) [15, 16] 8) [14, 16] 
@,4, 6,10) (14, I5] — (3,4, 6, 10) [14, 15] 6) [15.16] 
(1, 6, 8, 10) (11, 16] — (1,6, 8, 10) (11, 16] 9) [11. 16] 
(1. 7, 9, 10) [12, 15] (1. 7,9, 10 9,15] (1, 6, 8, 10) [12. 16] 
Аа Е параш SS 10) 111.15] 
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lz a] [Pa] 
9) [11], 14 9) [12, 15 
9) E 18 А WES 10 
8) 02. 13] 10) II. 14] 
9) (12.16 5. 7. 10) [12. 13] 
10) . 13] (4.6 8, 9) 111.13] 
13, 14, 15, 16] III. 12, 13, 14, 15, 16] 


Let us now consi 1 = 
Ec: now consider the following transpositions in the six cases : 
ul; Interchange 5 3 
ange (1 I; 2) anil (12, 6) ап 1 make the substitution 


Ck 8. 9, 10, 11, 12, 13, 14, 15, 16 
i314. 15, 16, 8, 10, 9, 12, 7, 1 


le's] J 
a| : Interchange. n 8 
erehanze (11, 6). (12, 5) and (2. 3) thzà make the substitution 
( 7, 8, 9, 10, 11, 12, 18. 14, 151 18 
T 10, 14, 15, 16. 8. 13, 11; 9,13; 7 
al: Interch: 8 
nterchange (11, 5) and (12. 6) and then substitute 


( 7. S. 9, 10, 11, 12. 13, 14, 15, 100 
After ti 12. 13, 14. 15. 9. 10, п. 9 ШЕ 10 
Alter these transi А 1 а, $ 

se transformations, it will be found that the symmetrical designs [^u]. [2^3]. [A'a] 


are isomorphi 
morphic respestively with the solutions (11), (LID), (I) given by Husain (1945), 


5. TEST OF ISOM yRPHISM 


adjunctions, we reject the 


placings and 
So when the final 


It wi TW 
will be seen that when considering the 


isom B 
orphie = - 3 Е s 
| ones, but that does not dispose of all the isomorphic solutions. 
х 


Soluti 

lutions have been obtained we have to test their isomorphisms. 

broad * first place, test the isomorphis s of the broad Журе. Here we have two 

pond it to ки hec. І. We take the blocks of each solution of (В). one by die and соту 

Method has к initial block of type [xl and see whether (2) » isomorphic with el This 

Phic wit s revealed, as shown above, that out of the four aon from (В), three are isomor- 
[2]. Secondly, to point out the isomorphism of the two solutions from the same 


Set 
We er 

um ac , ; 
ап adopt the following method. 
blocks of the second, one by one, 
acings of other treatments in 


If this set of placings 


as it is, and identify the 
Then consider the pl 
t in the initial blocks. 
st solution, the two are isomorphie ; 


with Ths Ge Feier. р remain 
the second fe blocs of the first solution. 
Сап be m ide ution with reference to the ipeum m : 
otherwise not o correspon 1 to the set of placings in the fir 
and 1821. The two initial 


isomorphism of [Biel 
atments occupy 


Then the other six tre 
the initial block. 


As an illustration, consider the 


ks 
s of А 3 

the two solutions are made to correspond. 
ur treatments in 


bloc 


пе foll Š 
lo 1 м 
ving positions with reference to the fo 


Treat ments Blocks of [з] 
5 (12), (34), (1), (2), 8), (4). (12). (34) (1)„ (2). Ba ү 
а 0. 2 5 
i 3), (24), (Da (2). Bla As Э), ( ( 
8 (13), (24), (0% (% Bl» Ao ( j, (2ь (do (4 
9 (14). О, үр a» ju 929 (14), (23), O) (2). P 10 
6 (44). 23), ( Ch Bn Hn (40), (63), (Dy E Ehe ^ 


sil 


Vor. 1] SANKHYA: 
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Part 3 


i ‘a’ or b' i order of 
x 2 or 3 or re disti shed as ‘a’ or `` in the 
Fhe two blocks, each containing 1 or 2 or 3 or 4 are distinguished as `a 


пет positions, nc ate on the р S e-treatme ocks. 
th р et us concentrate th patterns of the one-treatment block 
ti Let trat 


Treatment: [£19] [Ж 

5 "a аа а а d à а 

6 kb 5 5 b b bb 

7 аа b b a b a b 

8 b baa b a b a 

9 a b a b a b b a 

10 b ow b a ba a b 
И we interchange 1, 4, the sets of two treatments blocks correspond but the pattern in [1 
becomes 

7 bbaa 

8 аа b 

5 а а а а 

6 b bbb 

9 a bab 

10 D mb g 


Interchange (a, b) in the third 


"med pattern 
and fourth positions, and we все that the transformed | 
] and we get the following substitution Ё 


1.4 5 6 7 S) 

(4 Io 8. OG 5 

ablish the isomorphism of Fal] with I" 
аге tested by considering the isomorphis 


is indentical with [Pre 


. = я , ical designs 
to est; 12|. The isomorphism of the symmetrical = 
m of all possible block-cuts. 
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A FURTHER NOTE ON NON-ISOMORPHIC SOLUTIONS OF 
INCOMPLETE BLOCK DESIGNS 


By HARIKINKAR. NANDI 
Statistical Laboratory, Calcutta 


INTRODUCTION 


phie — — 1944). a method has been given for enumerating g possible non-isomor 
which Dici меа 2 = ihe construction) of 5 ‘balanced тосол! block’ design. The method 
Жз бейи Md in met apa: structural analysis iconsiats in filling up the N of a design with 
ion, Yt hes ster Toa келе SUB by step. keeping nones the structure of the design or configura-* 
: " en seen that given two unsymmetrical configurations with parameters 

and ү) E ms, ОТ, A 
he (ii) vk. 070—1, не 1, NN А1, 

en and how we ean construct а symmetrical configuration with parameters v=b, r—k, A. (The two 
-intersection (Bose 


unsymn d 

А letrical e i i А ; $ 
rical configurations are really the designs obtained by block-section and block 

st one will be called ‘residual configuration’ and the 

This procedure of block-adjunction to enumerate 


1939) respective 


Жеш. tp from the symmetrical design. The fi 

id, the ‘deriv & “с d 
ho x te “derived configuration’ (Ayyanger 1943). 
* Symmetric: er А 2 Н ` Е j 
etrical configuration is a very convenient опе inasmuchas the unsymmetrical configurations 


*ontaini 

me lessor ч : : А 
g lesser number of treatments admit of easier enumeration. 

7. л=3. The residual configura- 


tion | Let us consider the symmetrical configuration + v=b=15, r= 
n " À ? : : 3 
as the g. = , k=4, \=3 whereas for the derived confiruation : r— 7, b=14, 


enumerated with less labour. 


paramet 


fe. bus № 6 
3. \=2 both of whieh are 


AND DERIVED CONFIGURATIONS 


НЕ RESIDUAL 
Let us call any block of this as 


2 — - 
2. ENUMERATION OF 


в=$, b=14, r= k=4, \=3. 
1umber of treatments common to the initial block and 
and denoting by fi the frequency of z— i, it is easily 
s only are admissible for the case under considera- 


РИ Consider first. the configuration : 
initi в 
апу e block and let 74^ be a variable giving ther 
У other m : С 
‘er block. ‘Then there are thirteen values of w 


the 


seen 


tion ш 1944) that the following two sets of values offi 


(a) F. O, Ti. J=, fal 
(b) J. I. i9. J. 12, . 0 
Suppose we start with an initial block which follows the law (a). 
atinents 1, 2, 3, 4 we get the unique pattern г 
(4. 2. 3. ) з (1,2,3) : (1,2) 5 (0,3) 5 0.9 v (. DS 
(3, 4) ; (3). 


act 
Placing of 


Then filling up the first block with 


tre, 
(2. 3) 3 (2, 4) ; (2,4); (2): (8,4): 


ttern is also unique and yields 


у: (1,4): (1,5): (2 


5 in the above ра у Я рч T 
(1.2,3,4) (1,2, 3, 5); (I. 2): (1,3) (J. 4. 5 3); (2. 4. 5); (2,4); (2. 5); 

Compl (3.4); (3,5). 
plete the fifth block with 6, and then 6 is to be 


contain; 
aining two treatments each). There are only tw 
2,5); (2. 3): (1,4); (1,2). 


placed in six. two-treatment blocks (i.e. six blocks 


о non-isomorphic ways of selecting these, viz. 


[а] 
"Thus w 181 
aus we get two types of patteri 
[а] (1.4, 5, 6); (1, ‚5): (1. 2. 3. 4); (3,5. 6); (3. 4. 6); (3. 4. 5); (2, 


(2.4.5); (2. 3. б); (1,4,6); (1, 2. 6): 
{81 (1, 4. 8, 6); (I, 2, 3,5); (1, 2, 8,4); ( 
(2. 4, 6); (8,4, 5): (. 3, 6); (I, 2,6); (2,3); (1,5); 0,4) 


Со " - / 
™pleting the third block with 7, we find that 7. whieh is to be placed in three t } 
blocks in [a] and [8] types : 


hree-treatment blocks 


а n 
nd three two-treatment blocks, can be placed in the following 

Case of [a] " 
М la,] (3, 5, 6); (3, 4. 6): (2,4,6); (1, 2, 6): (2,4); 0.5): Пы 
N [aj] (3,4,6); (3. 4. 5); (2,5, 6); (1,2, 6) (2, 4)» (1,5); 0, 3). 

Case of [8] к 
| [В] (3,5,6): (3,4,6); (2,4,5); (1,2,6); (23); (1,5); Ws 
| [В (3,5,6); (3,4,5); (2,4,6); (1,2,6): (2,3); (1,5); (J. #7 
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But out of these, placing of 7 in [В] is isomorphic with that of біп Га]. Hence we get three solutions. 
starting from an initial block which follows law (a) : 
[ar] (3,5, 6. 7); (3, 4, 6. 7); (3, 4,5, 8); (2. 5. 6. 5): 
(2, 3, 6, 8) : (1,5, 7. 8); (1.4, 6. 8) : (1, 4. 5. 6): 
(1,2, 3, 5) 3 (1, 2, 3, 4). 
[m] (3,5, 6, 8); (3, 4, 6. 7); (3, 4. 5. 7); (2. 5. 6. 7): (2. 4. 7. 8) : (2.4.5.8): 
(2, 3, 6, 8); (1,5, 7, 8): (1,4, 6. 8); (I. 4. 3. 6): (1. 3. 7. 8) : (1,2. 6. ту: 
(1, 2, 3, 5); (1, 2, 3, 4). 
[81] (3,5, 6,7): (3, 4. 6. 7); (3, 4. 5. 8); ( 
2, 3, 7,8); (1, 5, 7, 8); (ly 4, 7, 8)5. ( 
(J. 2, 3. 5); (1, 2. 3, 4). 


А 5 " E EN " » clesie will 
Tf we look into the solutions minutely, the following characteristics of the n bove thie dest 
be revealed : 


[01] Twelve blocks follow law (a) and two follow law (b) 
La]! АП the fourteen blocks follow law (a) 
E] Eight blocks follow law (a) and six follow law (b). 


5,6, 8): (2. 4. 6, 8) : (2.4.5. 


Э, 5, ә 7 
1.9.5061 (1, 8,0; 8) (1. 2. 0, T) S 


This proves the non-isomorphism of the three solutions obtained and leads us to seek a solution where alt 
the blocks follow law (b). There is really a single solution like this : 
[Y] . 2, 3, 4); (1,9,8 
(I. 4. 6, 7); (2. 3. 5 
(3, 4, 7, 8); (5, 6. 7. 8). nations 
[7] is obviously поп -іѕотогрћіе with the other three solutions and hence in all we get four solt: 
[ал]. [.]. [£1], [Y] for the configuration : =S. b=14, r=7, k=4. A —3. 
The blocks of the derived configuration : 


8: 


5. 
,9. 0): 


=7, b= H4, r=6, k=3, \=2, obey the following BWS * 
(а) J. I. Л=9, /„=3, /з=0 
(b Л=0, Fi- 12. /„=0, f. 1. 
Proceeding in the above lines, we get the four solutions : 
[a^] (9. 10, 11); (9, 10, 12); (9, 11, 13); (10, 11, 14) : (9, 12, 15) : (9. 13. 14): 
(9. 14, 15) : (10, 12, 14); (10, 13, 15); (10, 13.15): (11, 12, 13) : (11. 12, №: 
1 (11, 14, 15) ; (12, 13, 14). 
[o^] (9, 10. 11): (9, 10, 12); (9. 11, 13); (10, 11. 14) : (9. 12. 14); (9. 13. 15) : 
(9, 14, 18) ; 2, 15): (10, 13, 14); (10. 13, 15); (11, 12, 13); (11.12 15): 
, (11, 14, 15) ; (12, 13, 14). 
[В] (9. 10, 11); (9, 10, 12); (9, 11,13) ; (10, 11, 14) : (9. 12, 13) ; (9, 14, 15) : 


(9, 14, 15) ; (10,12, 14) ; (10, 13, 15) ; (10, 13, 1t) : (11, 12, 15); (11, 12. 05) : 
(11, 13, 14) ; (12, 13, 14). 


ГИ] (9, 10, 11); (9,10, 11) ; (9, 12, 13); (9, 12, 13) : (9, 14, 15) ; (9, 14. 15) : 
(10, 12, 14) ; (10, 12, 14) ; (10, 13, 15); (10, 13. 15) : (11, 12, 15) ; (t1, 12. 15); 
(11, 13, 14) ; (11, 13, 14); 


These four solutions are characterised by the following prope 


: rties : 

[а] Twelve blocks obey law*(a’) and two (b’) 
[а'„] All blocks obey law (a’) 
[8^] Bight blocks obey law (a’ 


) and six law (b^ 
ty’ ] All blocks obey law (b^). ues 


3. ENUMERATION OF THE SYMMETRICAL CONFIGURATION 
JURA 2 


It is obvious that all symmetrical confi i ; ion of 
À gurations can be obtaj T. a adjunct! 
blocks of derived configuration to those of the re. »tained from the suitable ac) 


Б MT 
sidual configuration wi m н ‚ block c! 

rd А р В wit f a new a 
taining the treatments involved in the derived configuration. But е А Р fint necessary 
adjunction, the 10: 


condition must be satisfied :—if ‘t’ blocks of the residual configuration follow law ( ) and the rest obey 18% 
3 aw (а) an а 


SH e e (a“) 
e „ше to it, t' blocks must obey the complementary law а 
ence we must try the adiungt ig, Ө ЖЕШ 

and [a's], (iii) [81] and [A's] and (iv) [Y] and [47]. У the adjunction of (i)fa;] and [а il 
Let us consider the first case, 


(b), then in the derived configuration to b 
and the rest, the complementary law (b’). 


There are two different 


jer 
ways of adjunction being obtained from these two by 


" otl 
i ways of adjunction as shown below: all the 

; Simply renami " eatments © 
adjo ned derived configuration. The method followed is like жыл ы bees 


this : 
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| 


^ 


NON-ISOMORPHIC SOLU TIONS FOI 
[a^ 
( 9. 10. 11) 
(12. 13, 14) 
(10. 13. 15) 
(9. 12, 15) 
(11. 12. 15) 
(9. 13, 14) 
(10, 11, 14) 
(11. 14. 15) 
( 9. 14. 15) 
(11, 12, 13) 
( 9. 10. 12) 
(10, 13, 15) 
(10. 12. 14) 
( 9. 11, 13) 


fas] 


4, 6. 


5. 6. 


(3. 


2 INCOMPLETE BLOCKS 


[a1]: 
( 9. 10, 11) 
(12, 13, 14) 
(10, 13. 15) 
(11, 14. 15) 
(11, 12, 15) 
(9, 13. 14) 
( 9, 10, 12) 
( 9, 12, 15) 
( 9. 14. 15) 
(11, 12, 13) 
(10, 11, 14) 
(10, 13. 15) 
(10, 12, 14) 
( 9, 11. 13) 


(9. 10. 11. 12. 13. 14. 15] 

law (a) is associated. For 
fter adjunction, have just 
han one blocks of [а] 


fferently chosen blocks 


ck of [а which follows 
such that the two blocks, а 
if at any stage, more t 
es the di 


To the fi 
> first elf 5 
the second | 5 k of (ar which follows law (a) any blo: 
ile A 

three tre lock of aH we must choose а block of [a^i] 

сап be preated : 
treatments of [a^i] mak 

and the whole [a^i] the same. 

j in one manner only : 

[as] 

(10, 12, 15) 

(9. 14. 15) 

(11, 12, 13) 


&tments i 
he ents in common. ‘This procedure is re 
sen, it is see 
it is seen whether a renaming of the 


identic 
al, keeping 
keeping the already adjoined blocks the same 


adjoined to [az 


[az] 


In the same way it ах been found that [а] can be 
[a'z] 

( 9. 10. 11) 

(12, 13, 14) 

(. 13, 15) 


| (1, 3, 7, 8) (11, 14. 15) 2, 7) (10. 11. 14) 
(1, 4. 5, 6) (11, 12, 15) (3. 4. 5. 7) (40. 13, 15) 
(1.4, 6. 8) (10, 13. 14) (3, 4. 6. 7) (. 12. 14) 
(1, 5, 7 8 ( 9. 10. 12) (3. 5. б. 8) (9. 11, 13) 
(9. 10, 11, 12. 13. 14. 15} 


[В ana (B^ 


1] can be adjoin 


ed in six different ways but 


except the first whicl 


| and [aan 


Je already 


1 is given below, th 
obtained, as is eas 


ne other five 
ily seen that 


adjuncti 

netior 

if ns lea „ой А : 

if the fin d to configurations isomorpl 


nie with [asa ^» 


the derived configuration is [a1] or [а]. 


st completed block is taken as the initial configuration, 

[211 (8^1 [£1] [Bl 

(1, 2. 3, 4) ( 9. 10, 11) 2,3. 7, 8) (№ 15) 

(1, 2, 3, 5) (12, 13, 14) (2, 4. 5. 7) (11, 12. 15) 

(15256, 7) (10, 13. 15) 2, 4, 6, 8) (11, 13, 14) 

(1, 3. 6. 8) (11, 12. 15) (2. 5. 6. 8) ( 9,10. 12) 

(J. 4. 5, 6) (9. 14. 15) (3.4.5.5) (10, 13, 15) 

(1,4. 7. 8) ( 9,12, 13) (3. 4, 6. 7) (10, 12, 14) 

5 ( 9. 11, 13) 


(10, 11, 14) 


28) 
(9, 10. 11. ! 


(1.5. 
2, 13. 14, 15) 


the one given bel 


to configurations 


low. all leads 


Г ава гу, 
o ] сан of twelve different adjunetions but except 
ме with [aeih Гала? 12 18181. 
у’ y! ye 
(1. m. 4) ( 9, 10. 10) (2. HA 8) aa is 14) 
5, 6) (9 „ 12, 13) (2, 3, 6, 7) (11, 12, 15) 
8) ( 9, 14, 15) (2, 4, 5, 7) (10, 13, 15) 
;j (10, 12, 14) (2. 4. 6. 8) (10, 12, 14) 
5, 8) (10, 13, 15) (3. 4. 5. 60 t 9. 14. 15) 
5, 8) (11, 12. 15) (3. 4. 7. 8) 9, 12, 13) 
5,7) (11, 13, 14) (5,678. Af 9, 10, 11) 


(9. 10, 11. 12. 13. 14. 15) 
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В үү' are non-isomor- 
ive symmetrical configurations, viz., [a14^, Ji, [010 12. Ha. [918^]. UY" ] ave. ! 
Wa pes D y considering all possible derived configurations of each. 
phic as can Be т s gives fourteen derived configurations [a^] and one [Y']. 
om gives eight [ai], six [8'1], and one [7] 
(asa) gives eight [a’,] and seven [^i] 
(BsB’x) gives twelve [8^] an4 three [Y°] 
(ҮҮ) gives fifteen [Y'] 


4. CONCLUSIONS — 
7 sy etrical configuration: e=b=15, r=k=7, \=3 has five a aOR ie EROS and 
n к [aiai] La. [81 8”, ] and [YY']. The solutions Гог the same given in sip 
8 Eur ae „ ‘paper (1939) EA isomorphic with one another and with [YY'] of 3 given 
Han 1 80 bees oos as well as the derived configuration has each four non-siomorphic wem residual 
Lap ben er respectively as [a1], [а], [2]. [У] and [a^], [а^], [B^], ГУ. The solutions given E ents pape? 
TEA by Fisher and Yates (1938) and Bose (1939) are isomorphie with the solution |Y 
с 


aper. 


А d its 
s ‘ration studied ап! 
The most interesting point is the relation between the symmetrical configuration 5 
esiduals or derivatives. The correspondence can be shown diagrammatically like this + 
res s 
Symmetrical Residual 
K] 
| («3 
П 
(401, 
[xa] 
р 
[x242] 
| СА] 
(4) 
a Y 
try 1 > Dr) 
ingle 
2 : m rom а sing 
‘The bond in the above diagram indicates that we can pass from опе to another. It reveals that fro | also 
symmetrical design, we can obtain more than one 


:ons, anë 
9 S y Р i ed 
non-isomorphie residual or derived configurat 


spivative 
that from two non-isomorphie symmetrical config 


E ч p de 
urations we ean obtain the identical residual or between 
if the initial blocks are chosen Properly i.e. there is no one-to-one correspondence, in general, 
the symmetrical configurations and their residuals or denrivatives 
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MPOSSIBILITY OF THE SYMMETRICAL INCOMPLETE 
BLOCK DESIGN WITH л=2, k=7 
Ву Q. M. HUSAIN 
Dacea University 


33. 1943) the authors have incorporated а number of 
10, where v, b, . k and X stand 


n each block and re- 


In Fisher and Yates’ statistical tables (19 
„. k and x such that k< 
feach variety. variet ies i 
een given by R. C. Bose, 
; the two nece- 
ts of parameters satisfying the 
solutions have not been 
it is not known 


ish the non-existence of the 


1945) the same method has 
n. and that the symme- 


bal 
anced ine 
бай, complete block designs for values fed 
e respectiv gus s of к, b 
we ToS г H В 
numbers of varieties, blocks, replications o 


Solutions to a few of the unsolved 
These des 


designs have b 
ns mnst satis 


plicati 
ion of each pair of varietie 


but th 
dere are stil б 
Ssary but not Lothors for which no solutions have been found. 
sufficient conditions bk=er and r И = МИ 1) 
stence of 
elded a solution so far and 


Several se 


above 
conditions 
1$ са y. fi " 
n be found but the existence or non-exi corresponding 


r=hk=7. \=2 has not yi 


proved i = 
d in all CASES, The t l 
' Set м 


present paper to establ 
enrlier paper (Husain, 


- 5 admits of only one solutio 


whethe 
газ 1 
solution at all exists. It is the object of the 


design by 
зу а process of 
process of systematic exhaustion. In an 


bec 
n used to pr 
trical design pres that the symmetrical design № = 2. K 
Sign N. 2. Bab р N 2. K 
„ admits of three non-isomorphic solutions. 


This proce: 
lution to see if it 
1 in the manner 


vina standard form. 
of checking up а 5° 
if it can be completec 


The n 
wth б — " 
od followed is to build up the pattern gradual 


Further the tedious process 
ad, as the design, 
built up as follows. 

leading numbers 1 


to gi 
give 7 А 
м а solution if it really exis 
ally satisti j А sts. 
У satisfies е А 

s the required conditions is avoide 
The design is 
put the seven le 


6, 7 to 


Suggest 
мі mus 
nust automatically be a solution. 


0) In | 
represent t] 3s first row, representing the first block, 
|o varieties in this block. 
(2) Ase " 
the twenty As each of the other blocks must contain one of the pairs of these seven varieties. write down 
ning tw y-one number pairs (J. 2). (1, W.. (5. 6). (5. 7) and (6. 7) in the standard order in the remai- 
venty one blocks 
the next five numbers 8. 9, 10, 11 and 12 in order. 


(8) € 
omplete the second row by putting down 
та standard form. 


The g 
Ө first t 

st two rows + i 

»ws and columns are thus written down п 

ach in the remaining twenty 


Е — | 
blocks | Ге five varieties S. 9, 10, 11 and 12 are now to be placed x times ei 

he variety 8 must occur in conjunetion with each of the seven varieties already placed. The 

Jes which may be called \-chains. Thus 


eans of eye 
locks containin: 
8. only three 
ase of the two brok 
1) means that, 


We may denote 


ted by mi 
1 in the bl 
that for variety 
34)(56 1) where 


A-chain; 

aning is . 

Variety EL rformed separately for each of the smaller cycles. 

these зь placed with the variety-pairs (1, 2). (2. 3) (3, 4). (+, 5). € 
" standard placings of variety 8 аз type? А, Band C. 


g the variety-pairs, (1,2), (2, 3), 
possible chains exist; 
en cycles the 


Placing of 

E of variety 8 

8: (123 D 8 can he conveniently represen 

(3, 4), (4 6 д means that variety 8 is placet 
+5), (5.6), (6, 7) and (7, I). It is elear 


8. 
61234567 
567), 8: (123) (45 6 7) and 8:02 


in the € 
Thus 8 : (1 23)(456 
5.6). (6, 7) and (7, 4). 


varieties 1.2 and 8. The 
9 must 


the three 
As variety 


hree varieties. 
lready been placed, 
locks in whieh variety 
8х 2—3=13 which 


nction with 
ther two or t 
t have & 
three-variety bl 
y= 2x4 3y= 


(5) Vari 
T arie З А > 
remaining blo, цесу 9 has already been placed in eon!“ 
Sccur 8 М cks in which variety 9 can be placed contain ei 

e in Т А У 
conjunction with each of the varieties from ] to 8 tha 


determi 
rmine t} 
ле number (x) of two-variety blocks and the number (y) of 


9 sh, 
Should 1 
be ; j ] 
placed as the solutions ofthe simultaneous equation? at 
ariety 9 are obtained by trial. 


Riv, 
v= 5 and у=1. TI к 
у=1. The possible placings of v 
n which it can be placed contai 


we can 


n either two Or ihree 


x (6 : 
Varieties, To place variety 10, we ү ааб ве toss е 
п ivi = =2. 
1e appropriate simultaneous equations are aty=83 2 ＋3/ 14 giving и m 
айу two varieties in 


ave not alre 


ty are those that hi 


Ti is 
he blocks eligible for containing this varie 
ееп placed. 


com 
non wj 
ith the second block where it has already b 
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r TEE 
1. sible At this stage it Wi 
isposed of in the same way if possible. E 

T "arieties 11 and 12 are to be dispose 

(7) Varieties 
found that the res 
1 4 | ciis giving in all ten blocks containing four varieties each. 
0.1.2. 3 and 4 res $ g 


aining twenty blocks fall into two groups ur varieties 
E D ining three or four varit 
g * i (wo groups of ten each, containing t 
ining t ty blocks fall into tv roup 


"I 
-arieties 8, ! Oo) and 12 ar 

i ident from the fact that the values of (y) for the varieties S. 9. 1 

15 evic 


be 
ET 7 E 3 se have to 
he third block is now completed by the four varieties 13. 14. 15. and 16 iu these iir io qum 
KOC ie iti i cS ial it will be found that it. is impossible 
i mai eteen blocks. Оп trial it will be à 

ix times each in the remaining nine 1 Г s pedis 
placed six d uam dance with the requirements. The actual working of the method is shown 7 
variety 13 in accor Е : E pd 

T 4 The set of leading numbers with the placing of т the A-chain 8: (1234 $6 

yp s З i 

in Chart 1. 


Снлкт 1 gee 1 e Re 
f (0) (a) 386-46 — 37-46 | 35-47 | 36-47 а 
1 2 89 1 1 12 7777 
— 132 * 13 x | 
н 14 х | 
Д 15 х | | 
Т @ | 16 х | 
dl. T0 HL x 13 x | 
оа | x | 14 x | 
2 4 «| 15 X 
2051 16 x | 
"56 13 x | 
2 7 14 * ] | 
3948 15 S | 
35 16 x 
3 6 12 } x | 
DEUDA 14 x i 
45 8 | 15 | 3 | 
A 8 16 x | 
1 | H 
5 6|s | 
5 7 | 
[A UE 
А | 
E 


vidently any other placing of varie 
the leading numbers, 


blocks which already 


n of 
ty 8 in a x-, of 


" тицао! 
seven elements is merely а реги 
iety 9 cannot be placed are 


е ure 
: : is, These * 
Blocks in which var indicated by а cross. 
contain two varieties in common in the second block. 
placed in any one of the four blocks containing the leading 


be proved that the first and fourth as also 
TTA 1234567 
substitution 671234 5) shows that placing 


0 can һе 


4 variety 
It is seen that variet) can 


4 Dow it 
pairs (3, 4), (4, 5), (5, 6) and (б. 7). yp ine the 
rd ways of placing are isomorphous. 


the second and thi 


sav pair 
Я Р ‚ variety P 
variety 9 in the block containing the vn 
(6, 7) is the same as placing it in the bloc! 


i MET 
k with variety. pair (3, 4) , Similarly the substitution n 671234 
shows the equivalence of placing variety 9 i 


A variety-pairs (5 6) and. (. 5) 
need therefore, examine the placing, 


s of variety 9 in the blocks containing ( 


3. 4) and (4. 5) only. 
On trial, it is clear that there are exactly thirteen ways of placing 


р А " n be 
variety 9 which are show 
к 


(1257346), : (1257436). 
(1275) (346), ; (1975346), 
(1275 


463), : (1273546), 


02643754: (1 
$ (1264573); 
: (127453 бул. 


263475); (126) (3475 
(1263) (457), : (126) (3 


4o: 


The most convenient trial chart is Chart 


2 (given above) bas 
variety 9 with varieties 1.2.8 and 3, 4, 


wed 
yg place 
8, we cannot use it w 


ed on. the consider; 
ith variety 8 any 
3and 4and that the 


ations that havu 


it must b? 
used once with each of the varieties 1 


more, and that 


t 
5 E ze (5. 7)nO 
i ieti 5th placing must be with the pair (5- 
containing these varieties, 
Е Я Е | Р" 
Chart 2 includes all possible conditions in which 1, 2 Запа 4 бай, be tiik Looking dow! 
i aa "an be чеп once. la 

the first column we notice that 12. 34. a or 


mo: H H 168; 
57 ine E vith 3 jid E Ee 
onjunction with; 46 includes the numbers 3. 4, 5 6 
olumn (a) that contains these numbers 


so it cannot be used with any row обе 


E jon 
М nat! 
The only possible combi 
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Blok E жаа 


INCOMPLETE BLOCKS WITH \=2, k—7 


shown by an asterik is 12. 34. 57. 16 
In à similar Sx 
ze similar manner, all the 13 possible placings were obtained. 
cings of 10 were obtai и ‘ у 
* obtained. The placings t 9 J i 
herbs e placings upto 9. and the appropriat 


Cuarr 3 


t 
ә, 


35. 46 which is 9: (1275346) being the 7th placing in our list. 
Now for each way of placing 9. the possible 


e chart for 9, 10 are shown below in 


128 01010 12 LUN 


(12) 44 


36-47 — remarks 


One 8 and one 9 are to 
be placed. This explains 
column (a). Cut of 4 double 
| numbers, two must contain 
| 1 and 2 and two must 
come from doublets not 
| containing 1 or 2. This 
| explains the tops of the 
other columns. 


45% ( 


Th 
Бор t: 
in — . * 
us failures are indicated by crosses. 


the 
numbers whi 3 
abers which would give on the whole each of the numbers fror 


Case, (17, 27) 


uM is not possible but (14, 24) is possible giving 


Т 1024) (3576) 
have foung 


W 16 ts sg this to be quickest way of trying out 


€ 
510: (124) (3576); (1247563): (1274653); (126 
(1263) (457); (1263745). 


The 
atter , Р 
Pattern 9, 10, is shown below in Chart 4, together with the 


сазе 
Ае, vg, 3233. 


In the others, the missing 


the successful placing as 


the combinations of 10. 


trial chart for placing 11. 


numbers аге written down—i.e. 
n 1 to 9 twice over. In the present 
12. 67. 57. 35. 36. 14. 24 


The full set of combinations of 


374): (1247365); 


Note that in this 


CHART 4. 


= 


| 
| 


13-26, 13-27| 


12 (8 9 10) 


= 
[s 


= 


r O o 
XXXXX X 
& 
r 
- 


== 
eoo 
| 
| 


9 


/ 
| кечее Eee oneri Ree 
ONDON аз OU RC OURO OO IIS 
es 
e 
— 
[^] 
©: 


/ 


319 


XX XXXX 
XX XXXX 


хх 


— Part 3 
р г STATISTICS | 

a URNAL OF ST: 

ГА: THE INDIAN JO а 

а SANKHYA: TH 

Vor. 7] s 


taken. 
1% ean be 
ien ee Г S., one Mand one „l in one 
mbrace all combinations in which e зда for 11. If Hl is placed in adis 

his chart column (a) is written to er There are only two successful plac A 11: (47. 12. 36. 37. 45. 15.2 m 
In this c E tion. „5 nes are 1 : Ы ak is com- 
The other parts need no avi in the other way. Тһе 1 pum | When the second bloc : P 

"ec D EN. 274653). 5 and 0: 
үз, 12 must be plac 263745); (127 en in Chart 5 а 
f the ways, ds 10, 11: (126 А ern is as shown i 

ct 12, 35, 46, 56. 13. 27) v г. is block are suitably placed, the patterr 

D carieties in this 

1 all the varie 

pleted anc 


CHART Ü. 
CHART 5. 


Trial Chart for 9, 10, 11; 1 3: 


= € 4-ers 
— — = E Nx 160. 178 — 
— зама 14 10. 15 11. ч m 
Б атат; ECE — е га 
ШЕ 1312 2712 238 x 6 x x vo 
3 S oW б 1 1312 2 712 2: x < Dow s e 
РР а Hm | gom ras x x gum > two 
Е — 11112 2 38 й x — 
13 14 15 16 356 812 2 LE. ш. = Е two 
1 з 12 1— — MON X ona 
1 d. 10 2 712 34 8 9 > x ond 
а | 46 91234 8 9 xd 
1 6 9 234 8 9 : n 
D T s [471112 34 8 9 Я ы 
2 3 B 56 81234 8 9 E — two 
2 4 10 — — yes y " ( ле 
2 5 9 | |? 712361011 x 97 
2 6 1l * ә 31011! x one 
2 7 12 46 912 36 101 | i s 
Sx A» ug 471112 3610011. x x "à х — 
3 5 10 12 | (56 812 361010. x EE. PNE two 
3 6 I0 in | [3 vii ga Hu 8 < > one 
SN m. 9 2 712 37 91r x =. Ж x | one 
11 р | 46 91237 911 (2245810) — E 
А CLE | 471112 37 911 x " 
mh Ш 19 | | 7910 a 9 
5 6 8 19 Е 237 9 468115 ＋ x E 
5:7 9 10 A | [se 812 $7 911 5911 — 
80 . OHIO — — ге them 
=. eS All take 
ining vowsthat wil 
Now, we have to Place 13, 14, 15 and 16 in the third row and the remaining rows th 
We notice, 2+0=6, 3x + 4y=24— 3-9), which gives =. y= 3. 
On trial, we find it impossible to place 13. the 
Combinations that obviously fail. are underlined. Some of them can ae 
numbers shown in brackets, 


лсе 
t and т 
comodate all the chart 

Every time it is se 


tis impossible to place 13. 
es. To fac 


ilitate checking 
е listed below for reference $ 


Thus in this test case į 
that exhaust the possibiliti 
of all the possibilities ar 


en that no such combination is possible. 


ets 
tests 
the 
vase in all 
This has been found to be the case 1 


jals 
> tria 

sults of the 
by any future investigator the results 


Type A=8 : (1234567) Д0 
C a 
4278840, 427420, 426 40 dao Ap 20, 
MATS Gto a, 
940: (124) (3576); ( 75 QUU BTE Haas КГ ГГ 
4 % %%% 1263746), 
9110,11 : (1 263745); (1 274653) fails to place 13 
9,10, : fails to Place 11 
май тау, ETE us ay 
9,10, : 


fails to Place 13 
fails to place |] 
9,10; : fails to place 11 
9.106 : füils to place 11 
9110,11 : (1274653); (1 24) (3 576) 
The three comb sful up to 12 
11 and 12, 
9,10: (1246573); (1246753); (12645 
9.10, : 
9:10.11 : 
9:10; : 


; 10, 
fails to plaee 13, 
inations, succes, are really 


а of 
А at ions 
the same, being only different, permut 


73); (1 265374); (1273 
fails to Place 1] 

4) fails to Place 13 

fails to place 1] 


615) 
0273645); (126537 
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INCOMPLETE BLOCKS WITH A22, k=7 


‘ 
pr i M эте simply variants of 92102. 
10 (1247563); (1253) 407): (12740653); 
0.40, + (1247356); (1254 736) 
alos : fails to place 11 
г (0 24) (3576); (1254 736) fails to dem m 


is a variant of 8.10. 


(124) (3570): (1256374) 


fails to place 11 
fails to place 11 


нн variant of ! 
9 $02465 
el =; (11246573) 


(1274653): 


(1256473): (1253) (467): 
all these fail to place 11 
( 1275463); (1273564); (1256473) 


9.40 2123627 
8 (1243657) 
tia 573 
9,1011 38573) (1246735). 
D : (1275463) te "T 
MOLL 12734 fails to place 13 
* Ж 275463) З 
fails to place 13. 


13. ‘The rest fail to place 11. 
14); 0 253) (467): 

All these fail to place 11 
(124756 3): 


: арун that 10,, 104, 10% most fail t 
0,10: (1253764): 6253679) (12 
9.10 : (сел ): (1254736) 

ae:(1263734): (124) (365 7): 
910,11: ebur (1253674); (1247035) 
р З y 256473): (1247635) 
N We and 10s also fail to place 13. 
: (124) (3578); 0257480: OF 6374); (1247365); 
9410 : n FE 1356) All these fail to place 11 
As :11247350); (127€ 46); (1257348) fails to place 11 
99 10: (1247563); (12468 20246753): (123) (3576): 
Это: АП there fail to place 11. 
M (1233764): (1246735): (12: 
1247 
2 


9,410,010 : (1 


(1256473): (1265374): 


fails to place 13 
АП the rest fail to place 11. 


(124)(3657) 


374: (1 247365): (1253674); 
fails to place 13 therefore. 10, also fails 

therefore 10; also fails 
therefore 105 also fails 


941 

21011 (1256374; (126) (3 $75) fails to place 13 
М 10; and 10, fail to place 11. 
b e n g e О 363); 1249 (8576): 


(123) (3657) АП these fail to place 11 
1256473): (1246753): (124) (3657) 


ils. 


(12476: 


97 s 
310: (1253764); (1246735); l 
All these fail to place 11. Thus ‘Type A fa 


A break up ir 
1 difference b 


es of the ty pes B and C, and the varieties 


ato smaller eyel 
Nevertheless, the distinc- 


etween these types. 
patterns of these typ 
for detecting whe 


s some of the placings of type 
es are common (80 far аз 


is no essent ia 
ther a successful 


8 to 1» 3 
оп 55 are interchangeable thers 
лаз bee " Ч 
been maintained as convenient. 
This affords an i 


varieti Also some of the 
e Ҹ ы 
ies up to 12 are concerned). dependent check 


patter 
ttern has been left out. 
Е ` 


mbination 5 6 89 
d ‘consider only 
agh to consider 


Type B- 8: 12346 67) 
ompleted upto variety 9) containing the со: 

6789 or 5189 аз Зо we nee 
any pattern up to 9, so it is enot 


In this ty 
can be t his type, any standard pattern (e 
> tri Гот! "ip: 3 1 57 n 
ansformed to one containing either is obvious. 


the 7 
placings 4 $ 
placings 3489 and 5689. The former does not give 


only " З 
У the placing 5689 for the variety 9. ч 
9 (1247365); (1247356); (1247) (356): (1246537); (1245637); 
(1256473); (1265473); (1274653); (1274563): (1273) (156). 
(1253) (4617); 


E z 

910: (1267453); (1254673); (1264573): (1275463); 07 
(1264753) All these fail to place 11. 

as 9, with the transp. 


9,10 : This is really the same ssition (56) which leaves the earlier placings ™ 

So i E 

Bib : er he E e — Pis 

SDS (me ig 99s f iet 
а : (1967453): (1275463); 

the consideration that tł 


£10, it is impossi 


tact, 
3 ways ©! 


th less than 


ils to place 11. 
(1, 3) cannot e. 


fails to place 11 (wi 
(1257 463) Га 
зе blocks (1, 


ontain three varieties 


2) and 


in ce This is obvious from 
common, 


— өр age Zu IRI ! PART k4 
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Vor. 7] SANKHYA : THE INDIAN J 


iti 56 vhi (nées Cs jer . ine i te 
9.10 : The same as 9, with transposition (56) which еа arlier ~ 1 5 M ^ 
7 5736 247635): 247436): 2 13. $ 
оо: 5) (367): (1245736): (1247635): (1247530: ( 
245376) All these fail to place 11 
9,10 : s a transposition of 9, by (56). It fails to place 11. 
9,10 : 


:(1245376): (1245367). 


5) 
This must fail to place 11; the blocks (I. 2) and (2. 4) must not contain more than two v 
in common. ? | 
9,10 : This is the same as 9s by the transposition (56). It fails to place HI. 
9,10 : 


9,10 : (1246 


arieties 


9010 : (1245367): (1246 7). It fails to place 11. 
(With less than three placings for 10, it is impossible to place И and 12). 
Thus. type B fails 
Type €: 8 (123) (4567) Ме 
, ew 
In this type, the placings of 9 in the blocks (4. 5). (5. 6). (6. 7) and (7. 4) are equivalent. о М 
consider only the placing of 4 5 8 9. a 
9: (1245736); (I 54): (126) (3457): (1263457): (1264537): 
(1273645): (1275436): (1273546): (127) (3546). 
9,10 : (1267534); (125) (3467): (1273465): (1256437): (1253647: 
(12746 ; (1264735); (12 3564): (1253764. 
910111: (1273465): (1274635): (1256437): (125364 7). 


fp ow А 10s, №» 
All these fail to place 13. So. 105. 10,, 10;. 10; must also fail. The others. viz. 105. 10 
fail to place 11. 


9,10: (1243570): (125) (3467): (1273465): d 256437): (1246735): 

(1246537): (1253746): (12746 57 (1:2 

9910,11 : (1273465): ( 56437); (1274635): (1253647). „11; 

They all fail to placa 13. So 10% 104. 10, and 10, also fa 10% 10; and 10; fail to place 
9,0 : (124) (3576): (1253764); (1246735): ( 4): (01246537): 
(1276435): (1 253467): (1 27) (3465) : (125) (3 6 4 7). 
9310,11 : (125) (3647): (127) (3465) 
So, 10g and 10, also must fail 


fail to place 13. 


The other combinations 10,, 105, 10,, 105. 10,. 10; fail to place 11. 
9,10 : (1274635); (1 276435): (1 273465): (12 
AM these fail to place 11. 
9,10 : (1243756): (1243576): (1247 
All these fail to place 11, 
910 : (1257436); (12436 
(1263574); (1247 
In this case, 10,, 10,, 103. 10, 
9510,11 : (12475356): (12 3467) 
9,1011 : (1263574): (1253467) 
The failure of 10, and 10; shows that 10,, 
9:10 : (1253647); (1 253467): 
All these fail to place 11. 
9810 : (1265734): (1267534): 
All these fail to place 11 
9,10 : (124) (3657): (125) (346 7); (126) (3475): (1 267534): (1243576): 
(1257436): (1263475): (1243675): (1 257634). 
9510411 : (125) (3467); (12 6) (3475) fails to place 13. 
10s, 105, 105, 10. 105 and 10, fail to place II. 


5) (3467): (125) (364 7) 


536): (124) (357 6): (124) (3657) 


7): (1257634): (1265734): (1243756): 
536); (124) (3576): (1253467). 
fail to place 11, 


fails to place 13 
fails to place 13. 
10; and 10, also must fail 


5 


(1256437); (125) (3467); (122) (8 647) 


(1263574); (124) (3576); (1 2 4) (3 65 7) 


So, 10, and 10; also fail. 


So type ( fails, 
It is thus deiinitely established that the parame 


ters v= 22, рә) 
ing design, iar 


ond- 


ЕТ. X=? admit of no corresP 
REFERENCES 
Bose, R. C. (1939) On the construction of balanced incomplete block designs. Annals 
Bugenies, 9. 353-399. | 
FISHER, К. А. and Yares, F. (1938, 1943) Statistical 
Medical Research Oliver and Boyd (F 
Hisar, O. М. (1941) On the totality of solution 
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l'ables for. Biological. Agricultural 
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MISCELLANEOUS NOTES 


ON THE ORDER OF APPROXIMATION INVOLVED IN LAPLACE'S 
CENTRAL LIMIT THEOREM IN PROBABILITY 


By MANINDRA NATH GHOSH 
Statistical Laboratory, Calcutta 
as the final justification for the 


The centr: "wp " . " 
he central limiting theorem in probability is often put forward a 
no thorough investigations 


freque r 

ant use — ж A n s 
quent. use of the normal distribution. As far as the present author is aware 
Professor Cramer (1937) 


have, | 
‚ however. de P А x 
wever, been made about the exact order of approximation involved. 


has s} 
s showr Де $ = к 4 е "E 
that when absolute moments upto third order exist for the summands the approximation is of 


esult of Liapounoff. However. although the 


the order же. avt 
der of 1 An. This is the generalisation of a previous r 
(S To) exist by Liapounoff 


central limit; 

i r theori " 

miting theorem was proved to hold when moments of the order of 2 
no approximation formula was established 


(1900 
) and also under the more general conditions of Lindburgh 
The object of this paper 


Which mi 

mig o " < её У 
ic ight make the theorem suitable for statistieal and numerical purposes. 
8 to secure aed MEUM 

с an approximation formula for the case where absolute moments of the order of (24-8) (8290) 


are assumed to exist 
Sr In order to arrive at the desired approximation we shall follow the lines of proof by Kolmogoroff 
16 central limiti d : qu 1 ix с | В 
central limiting theorem as given by Khintehine (1933). Let F,(r) bea distribution function with 


i^, be n independant variates satisfying 


mean z 
zen беф н : 
ero and variance unity and let & 


the same distribu- 


e shall introduce the variables Ar n. A VI 
Denote Бу (2) 


tion | 
aw №, (к г Я das к 
КЁ), For simplicity of analysis W Ro 


Sütisfyi 
му . Mer р 6 ч $ 
the q ng the same distribution law Fy (Ию) =F 
e distri а M ^ А 
The tribution function of the random variable 
n evidently we have 


(x) with variance 1/n and mean zero. 


at- Us: 


т 


normal distribution funetion 


to the cumulative 


We shall now show that U,(r) tends 


ф-т? ый ехр(— 


modification of the 


12) dt 


as n beo Sot chintchine (1933 
comes large, ‘The first part of the proof is a proof of Khintchine (1933) to 


Suit o 
ur pres ae 
present limited purpose. 


а 8 it 
i фи) m MA J SP (- y 
и i ý ^ 2 2 . 
Ben ASY to soe that ple 3) satisfies the differential equation pror . ö dr. Let us introduce 
Mastion VC.) given by Vr. = фи) ez so that 
- OV pe EON 
2 Ox? 
Mea E 
Shall now prove that for a suitably chosen e(8) in the whole halfplane 2>6. 
V(x. 2+ ид Vie $2) d 
“oo 
Proof ; = 
Е V(v—£& 2) = V(x, 2) —& 9v 27 g: aV + y pleg) 
Ou дат 
Wher, А 
xd pl, E, 2 =f [z] = д zi ) 09 
l Lam J e.: Сд de, z Joce«t 
ii Exam 


UN V(w—£.2) dB (é)=V (x.z) + 20 д 
аз 


(aval. Г d O and dre = In. 
"v 720 0 
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From (2) it follows that if | Yn E aega EG) кы M 
then р ү «es arte) < Ver) > "i " 
ain СЭБИН ^ 


V n 2 " * 
Denoting by М,(8) the maximum value of as in the region =>6 when М, (5), пе we Вах 


7 1 due oJ 2v. 4 s» № 
() ove = 


п Gz 2n 


Hence from (5) and (7) we have 


fes $5. жен * — ® 
(=+) >й Væ БУ 
? provided e is chosen to satisfy (4) and MS) De 
es P «a 
From (8) we have Pla! N (EHI) n) e 177 wid QU -— У) dF(£) 4 kein 
3 -0 
у А 9 ‚00 
Now from (1) we have Ux. (и—2а)=} Ur (w—t—2a) dF(£) 
X : 


Combining these two results we have 


t ; an 
Usa(2—22) Ф) ит) < st AU. 7£—2a) — hla) N kin) ЧЕ) 
Denote by P, 


Then we have 
Pa SP. ge /n. 


the least upper bound of Ur- у 


т} for values of v. 
From this recurrence relation we find that 


| 2 
Une) O2) <Р, < Pi ge ie, U, < 2a/4 /2zz 4-P,--€ ilar 
We shall now see that Р, сап be made sm * 


dis- 
to the one given by Khintchine takin, 


3 a sit 
all by a suitable choice of & and n and establish а d the 
g into consideration the existence of p-th order moments 9 
tribution function Е, (2). 


Lemma Given two random var 
distribution functions F(a) and G(x), 


Proof. When ac —a, F(z) < F(— 


Ё gsessing 
iables with mean zero and absolute pth moment €!» A 
then for a>0, F(z) — G(x- 2a) SA, Гар holds for all values о ` 


a) <, [а and the lemma is true. When a>—a wo have (19) 
FOG 2a) < 1—G(2.22) <1— (а) x 


14 
ге ge 
Now G(a) > 1 —4,/a*, and hence Pe) F(— aj <и /ap (1 ing kind Y? 
» 2 value: ting ^j 
БЕД Yo УЛЫН Sly ſau (12) holds for all values of x. Putting 
14) 
Uiz—$68«—25 у, 8 | 
а? 
Since the variance of U,(») and Cc | Mo) are both 8 therefore chosing а $15 we have 165 
; | LU we (15 
бе) Фа) (55 +1 8 m 
277 es 
m 
Now we can prove the opposite inequality by taking ү »uding V* 
af gud e Will Ne Tio seres ane nc. maj eevee and the eorresp. 
: e 
(15) 


2 
— . pw) < ( Vin Ju 1) 5% TN 
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APPROXIMATION IN CENTRAL LIMIT THEOREM 


Which holds for жа 
olds for alla, Now И we choose © ZEE #|о(ж, S. =) arcano) | ‚ the inequality (4) is 
E 


Satisfied. Now 


ave Fp 
кй di- f 
M S Ls 
ч в 1 = | 7 
© | us йд { (17) 
„MA. WE 
= l E 
« 7 = + з= L when z js small 
Thus мо ji uibs 
18 we have М, (5) = Мах 2V / 02 1/8? when 6 is small. Let us now consider the integral, 
>ò, 
„ Se pes.) ФЕ) == п үг р-н) ыы (18) 
"e HEC НРА 
поре. 0721 fE* a F()--n Max] p(w) | SS dF(£) 
* 0 Iis $ i58 ior 
Where ( 
© 0<0<1 because of the continuity of 1007 $ z) Now 
2 ev 
DTE. — f 2 -e(2) 
Бете = (е ) "T (= т, ox? - 7,2 
u 0<6'<1 
av (19) 
" д — 
dus 1 е; 
us the maximum value of |510? | when d is found to be Vds. On the other hand 
BV удз. 1 Aj? which gives 
[дж — yer Therefore Max = NT ei? which gives 
2258 
(20) 
Мах 
2 
Consicle 2¹ 
ider now the integral, ng S Ad = gee db 21) 
1t |g) >т [элт 
Varv then from the existenes of ph order absolute moment of Fit) 
= A (22) 
gvari «usc J, e df) 
HEX = 
fron: А ++ (23) 
а which we have je ак < p m 
[E var CN 
Thus f 2е-12 Аһ (24) 
f ы TOT — 
inally we have > F AN Nb (тур 


and 
e>]; T 
/s Thus chosing = as above we have 


2 1 
ven 2 кй] К — 
чә де) I Gi ) 


or 


.- € a 
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Е ч — M 
We shall now chose § and т as functions of n Le. S=1/n", r—nB in such a manner that the expres: 
i 3 ini ler in n. 

on the right has a minimum ord E 2 : aa 
Let i Ps i,—2a—1, i—3a]2— В, 4=B(p—2)+a—(p—2) 2 denote the indices of » in the four ыз 

5 Е A tut Е Ег e eS. te: te, a Я t is clear 
tities on the it. Then the problem is to minimise m — Маг (id. Jai for values of a and H. X 
that for an extremum, three of four indices iiz 


^ i airs. 
i, should be equal or they should be equal in p | 
; e The differen 
Among seven such sets of extrema we have to pick one that gives an absolute minimum form. The ‹ 
sets of solutions are given below : 


a) А 
а) 
ma(p) = (2p — 1)/7 which is inadmissible as т (р)>0 
e 1 + у I 1 1) 
a Чи! 57 Cw 
malp) = (P+2)/7(p—2) which is also inadmissible 
% TES = 
ast. p= T n 0 io 
malp) = (p+1)/7(p—1) which is inadinissible 
ща j | А "T 
О ФЕ Н-ды. est der, 2 
"This is inadinissible for 2<р<4 ' 


(5) 


i 
= f 


f. p-2_ 55 2 рэ „== 
и Ир N ia Ир 


ms(p)z —(p—2) | (11p— 14) which is admissible for all p 
(ODER 
3(p—2) a ç DX Oba "sua —2 9 
= . NS 2 3 2 3p42 2—2 
=> 14 ЕТ — eq mp EI 


1 
E 
l 
= 


*3р—14” 35-11 C 3p- 143 
This is inadmissible 


( 242i 
= a 
=l, 8 æ 
о йе 1,1,1] 
ж (р) = 1 which is inadinissible 
"Thus we can write 
Я | < (3/5 (в) " 26) 
1r) ТЕКЕ +1) 47 (P 2)/(1p— 14) ee nn p—2)/(11p—14) ( 
We see, therefore, that when absolute 1 
upon p. Fora given n therefore 
highest order moment that. exists, 
of n the first factor dominates, 


noments upto the 
we can gi 
However 
It is ey. 
for in that case a much better order of a 


pth order exist the 
et the best numeric. 


since the index of ] 
ident however that 


" " ads 
order of approximation Ra a 
ч ih 
al approximation by suitably chosing < i188 
А zalu 
/n is large for the second term for large valt 


Е the above approximation is useless for prs 
PProximation has been shown to exist by Liapounof and Cramer. 
only when 2<p<3, i 

Thanks are due to S. N, Roy of the 


paration of this note. 


The above approximation is interesting 


Statistical Laboratory, Calcutta, for help and advice in the pre 
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^ NOTE ОМ CONCENTRATION OF INCOME IN BENGAL VILLAGES 


By RAMKRISHNA MUKHERJEA AND MONI MOHAN MUKHERJEE 
Statistical Laboratory, Calcutta 


If dr) х гр "e Р 
CN La ) stands for number of persons possessing income between a and w id. rupees, N total number 
sons e та 3 Ms u 

in the community and A and B lowest and highest possible income, then the number of individuals 


possessing р X 
sing an income оГ rupees or more is given by 

в 
(к) = | P(r) de 2 005 

* 


Par 
eto has empiri a 
з empirically shown that this ean be approximated very closely by 
Where рр (х) aun ә 
er is always near about 1.5. e 


ing aor more and if 4, is the percentage of 
E Eg 


If p, si --— 
Dx stand for the percentage of individuals poss 
OME Possesse т ча ee Е 
possessed by this percentage of the population, it ean be easily shown that 


total ine 


<= 1—(1— рь) . (3 
where 4 =1—(1— px) (3) 
12 бё=»/(#—1) 


bna ы р!б gives a clear picture of the distribution of income in a community. 

10 P wichis given by 

Eis ` p=1/(2r—1) .. (4) 
m numerical measure of the inequality of income distribution 

Che object of the present note is to investigate how far the Pareto graduation 

"Two series of material have been used for this purpose. 


in the course of a complete survey of 12 villages 


is applicable to 


family 
ae The first 


income in Pu 
relate, Bengal villages. 


st э} ч 
© the income of 680 families collected \ i 
e of Rural Reconstruction) condueted by the Institute in 


Surroungi TM 
1937 v ding Sriniketan (Visvabharati Institut i En 
Inder the technical guidance of Professor P. C. Mahalanobis. The second series relates to 232 
horsal, Naopara, Roair.) іп Bogra District 


famili 
hilies i 5 k р ‘ 
ta six villages (Silimpur, Hatsahar, Amanipara, G 


1941 by Ramkrishna Mukherjea. 
TABLE 1. ACCUMULATED FREQUENCY OF FAMILIES. 


range of percapita Sriniketan | Bogra | 
in dane in Hs. observed graduated | observed graduated | 
(1) (2) (3) 
10 and above — 3 | 
2g C d 599 907 
30 469 497 
ae, T 368 324 
CON „ Ты 283 233 
W 213* 170* 
Р ga o1 ен 159 128 
R 99 83 
| 150 7 49 46 
| 98007 „ 98 | 30 
300 " >» 15 16 
400 " * T 11 
500” » 8 8 
600 on. = 1 6 
о = 4. 5 
| 800 7" "x 3 | 4 
900 „ »" 3 3 
1000 * a | 3 | 3 
| 
| * The values have been obtained by graduation. 
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The following equations give the results of income graduation : 


5) 
Sriniketan: log y = 4-8882 — 1-4839 log a i 10 
Bogra : log y = 4-0077 — 1.6224 log x 8 Р 
"The following table gives the values of r, p and 8 for the two localities surveyed. 
locality v p 8 
Sriniketan : 1 -4839 0.5052 30665 
Ворга : 1 -6294 0 74427 


The curves of concentration are drawn from the following equations 


03261 s. (1) 
Sriniketan + J =- (I-. 

03863 .. (3) 
Bogra : q.—1—(1— р.) 


and the graphs are shown below. 


^ Снавт IJ. Tue CONCENTRATION CURVES FOR BOGRA AND SRINIKETA 


E A 
ro 
4 
EJ 
к: 
ex 
с р 
5 ro 
fx | 
stri- 
ееп dis 
The samples are not large enough to draw final conclusions but the close agreement bet wet могі! 
butions relating to two sets of. villages lving wide apart. (one sample from West and the other from tion 
Bengal) probably indicates a general tendency, In wealthy ca 6-50 12 
is mechanised the Pareto curve is known to give a good fit with an average value of » of 1^9 a the 
for the period 1914 to 1919. Itis interesting to notice that the same graduation is applicable even nantly 
income distribution in Bengal villages where modes of producti j 
agricultural, and actual incor 


à domi 
9n are still primitive and pre 
to those in U. S. A. 


mes are small compared 


A large value of р (which is the 
of ADC) indicates a markedly 
regard appears to be much the 
characteristic income distributio; 
duction, and that class str 
backward society 


ratio of area between АС 
unequal income distribution, 
Same as in most hi 
n (given by the Pa 
ucture of society 
in which mechanical metho 


, ve to 
and the concentration curv S 
villages 
The position in Bengal a 
à Е sts 
alized countries, This sugges 


f 
5 hods О 
е) is more fundamental than met industrial 


ghly industri 
reto cury 
is possible ina 
ds of Production h 
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A CRITE VS DHT 
RTI poop FOR TESTING WHETHER TWO SAMPLES HAVE COME 
OM THE SAME POPULATION WITHOUT ASSUMING 
THE NATURE OF THE POPULATION 


By K. K. MATHEN 
All-India Institute of Hygiene and Public Health. 


for curing a disease, it is tried on a certain number 


‘or control, another set of persons (n) suffering from 
ration of time for recovery 


(m) Pda apii: иш the effectiveness of a modicine 

2 ering from the disease in question and f. 
Given the distribution of the du 
medicine was effective or not. The 
two samples and apply Fishers v 
est, itis assumed 


the san 
same disease, аг ; 
for the < es аге not given the treatment. 
3 people i wel B 
ER i in the two categories, how ca" it be tested whether the 
и mes D is 
1d, is to enleulate the mean duration for recovery of the 


test for tl — 
авс СЕ 5 
significance of the difference between the two mean values. In applying this t 
Another test has been developed by K. R. Nair 


two samples are considered instead of the 


esting whether two samples are from the 
to numeri- 


that tl 
le sj 3 г. 
ШОР samples are taken from a normal population. 
i or a similar si па ^ 
a similar situation in which the median values of the 


means, T 5 
„ Wald and Wolfowitz (1940) have devised а eriterion for t 


Same ро; а 
pulatior " E E d 5 А А В 
1 based on the distribution of ‘runs’ when the observations are arranged according 
the character of the population. The following is ап 


aking any assumption regarding the nature of the 


cal magni 
gnitude - " x 

attempt t s ‚ no assumption being made regarding 

0 devise E ў E. 

evise a test, in th» above situation, without m 


popula*i 
ion fr his 
from which the samples have been drawn. 
son whom it 


s applied and the n person 
ery. Consider 


f time for recov’ 
the intervals of time of the first set of 
t us find out how many of the second 
all the members 


The distribution 
tion about the 


hom the treatment wa: 


Corres; ; 
orresponding to the m persons оп W. 
esenting the duration о. 


was Е 
as not tried, we have m+n intervals of time repr 
ment is effective, 
Now le 
The sum of such quantities for 
tho treatment is effective. 
making any assump 
nis case, is that the m -+n quanti- 
he same population. Consider 


these m а 
п-п points on a straight line. If the treat 


m quantiti 
tit ies ў ius 
ties must be less than the second set of n quantities . 


Set of n Lu 

quantities are heing exceeded by each of the fi 
testing whether 
nsiderations without r 


st set. 


of " 

E Feces ‚ме пзе:аз our statistic (s) for 
Фран ed «ва be found from the following gni Wes 
ties belongir 8 which the samples have arisen. The null hypothesis, n t 
thera, и to the two samples are quantities selected at random from t с Ж 1 
them, u ора of the control group. They divide the linear continuum into en in 3 d j one о 
beth = antities of the first sample can lie in any one of these n-- 1 intervals, with equa! Lec Шш у, Y 
ois nples have been assumed to have arisen from the same population. EAS the a istri ou jon 5 the 
К ents of хт in the expansion of the multimomial (1+ . . Xn). in 


гоп in the following table. 


fined above are the coeflici 
tatistic 18 giv 


For 
exi nm 
ample if m —4 and п=5 the distribution of the в! 


8 0 1 2 y 4 pt т 8 9 10 
f(s) 1 a 10 20 * 80 108 140 146 
в 11 12 13 14 15 шв 94. м 


56 35 20 10 4 1 


f(s) 140 125 104 so 56 
pothesis te: 


Fro T al 

is — this it is clear that, if *s' is less than 4 the hy sted is rejected at 5 percent level and if s 

ess t] A ELT E А 
han 6, it is rejected at 10 percent level. 

Probability tables for this distribution for various values of m and n are being prepared at the All 


Ingi 
a : 
Institute of Hygiene and Public Health Laboratory. 
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PRICE OF AGRICULTURAL COMMODITIES AND LAND 
TRANSFER IN BENGAL 


ay N. В. DASGUPTA 
Nalia 


copy pitiable- 
х : > z T те „are generally very p! 
Bengal is mainly an agricultural province, The conditions of the people are gene rally 


peak 
: е Іне t to spe? 
so much so that they can hardly afford two humble meals a day sufficient to fill their belly, ne 
of hygienically balanced diets. 


ime «d 
"m se privilege 
People who are a little better off are only а handful in number, And it is only these T 


few who can afford to purchase lands for cultivation. 


А { ч А : CE 5 the trans 
It wil! be an interesting study to review the position of the agriculturists in dd ice of lands 
2 е : E — price 
of lands from one hand to another. With the rise in the price of agricultural commodities the pri 


rieul- 
EE i Spire ities ings for the ag 
for cultivation also goes up. But the increased price of agricultural commodities also brings cehasing 
in pu | 
ected 


from 


turists an increased revenue so that they can now invest their increased purchasing power oe 
lands. Rise or fall in the prices of agricultural commodities is thus seen to be very intimately 17 
with the rise or fall in the number of land-registrations in a particular year. During the e pud 
1934 to 1943, for example, the latter part of which saw steep increase in the pric Itura 


" 1934 
dities, the number of land registrations showed a regular tendency to go up counting ten lacs 


no- 


s of agrieu 
in i 
iet 

А 5 е > а ere transferred: Vi 

and 29 lacs in 1943. For this period, the number of persons in whose favour lands were tram f 

from 30 to 90 per document. ирег 

A р. P e hight 
Paddy and jute are the principal agricultural produces of Bengal and it is the ono with en jute- 

. t " А г 3: 945. > 

price that has the main part in controlling the number of land registrations. From 1033 upto 19 during . 
prices were lower than paddy-prices and consequently the | 


istration 
paddy prices controlled the registratlo vested 
this period. Paddy, especially the aman variety, . 


which is the principal variety of the province. 


>» ber 9 
in December and January, and therefore, а study of the December prices of rice with the num сов 
Я i y 2 3 y prios 
registration of tlie next year will show the nature of correlation hetween land transfers and the J 
of rice. 
1 
Harvest-prices of rice for the 3r istriets of Hefte" 
; ле rd week of December may be obtained for all the district: n 
from the Caleutta Gazette of the week, ч 


2 view betwe 
1933 and 1942. TI Phe same can be obtained for all the years under review 
933 and 1942. The provinci ic 4 i " i ii 
: : ШЙ DEOS incial price for à particular year can be easily computed as the arithine 
j rices ir bricts. "hes i 1 | 
t he prices in а he districts. These, however, it should be noted. give up not prices of a me 
unit quantity of rice, but the number seers’ of rice available for a 1 

a > P rupee. 
The rise of the number of registrations, however. 


sa of the prev 
year, For calculating the correlation c 


a 


corre 
efficient, the series of re 


sponds to the rise in price 
ofone year. gistrations should therefore be given 


The calculation is easy and gives 


„(һе 
4 $0990 ая 
1 r of seers of rice per rupee. 805 = бй» 
during 1933-43, апа the е е 
and shows that as tho питье 
the number of registrations of c. 


and interrelations of factors by virtue of whic 


i | 5 as the mean numbe: 
mean number of registrations for the period 


The correlation i 


orrelation between the 


5 ү ‚ rupee d 
г Of seers available per гире ism 
echan 


gated 
their 


high aud negative 


ecre 
i.e. as price increa 


ards in the next year floata up. The exact in 
h such a psti 
Е ч кеб s phenomenon takes ев vatto beinte 
pending such an investigation the indications of the 565 plane is pott 


meagre data as we 2 


proper light. have, should be taken 
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BOOK REVIEWS 


encar teat Gin Жош}. y discas apologise for the dislocation in Book Reviews caused by 
the Statistical pier x: НР India. Early in 1942 "a main library and large sections of 
interior of the country к ү н cs peo en evacuation measure, to Giridih, a place in the 
paper which led to m : E aup miles from Calcutta. Another difficulty was shortage of 
lerms of which the pa E rot uction of the paper control. order. by the Government of India in 
Conditions, dien n тай Journals was reduced to 30 per cent of the normal size. 

| have now improved тай rially, and we hope to be able to publish regular 


| EDITORIAL NOTE 


Book ] 
k Reviews in future issues. | 


V. Sovani. Published by the 


A Regional Approach by N- 
2], Price Rs. 4 


The P , 
he Population. Problem in India 2 
Poona, 1942. Publication No. $ Pp. XVI+ 


Gokh 
ale abt я 
Institute of Polities and Economies, T 


Bigl 

“ght shilli 
ngs. 

of the population which a geographical 

wonditions nat urally depend 

nature of the popu- 


human material 


з size and structure 


The 

we ` g * Уш 

problem of determining the optimun 
ards optimum © 


unit c 
an suppor 
pport and the policy which will ensure progre s tow 


sonditions in that region as well as on the 


са and variety i 
st to consider homog 


on the 
economie res 
mie resources and environmental c 


lation c 

n concerned. In a country like India with its vast ar 
h would certainly be fir 
та study of such units. 
попа! analysis of the population 


= attempted to make a rez 
from census reports, аш icultural publica- 


and environ n respect both of the 
e onditi 
Units sep E conditions, а sound approve eneous natural 
arately + Й Е А 
Mr. Sovanil у. and then to build up the general picture from In this book 
t has А Е 
as adopted this procedure. and ha: 


prob. i 
em in Indi 
Im Е i 
lia. He has compiled the relevant fae 
deal of interesting ¢ 


ed ‘Framing of the 

population. 
50% of the population 
зе similar 


ts and figures 
ommentary- 


tior 
is and 
other sour 
г sources, and has provided а good 
Problem’ sets fort h 


Pie Peck аа 

the opini »ook is divided into five chapters- The first chapter. entitl 
ions : 

s and theories held by a large number Twenty- 


two 
? regio 
us are ge > Mt 
re selected for special study. covering 11 
conditions 


of India. 
e omitted as < 


of European and Indian writers On 


з all about 28% of the area and 


pertaining to them are considered to | 


The rest of the regions аг 

26 T 4 
es 126 pages of the book and gives, 
ation for 1941. 


to o 
ne or Я 
other of the selected regions. 
thmetic of the regions oc upi 


1931, prey 


estimates of popul 
ulation at succe- 


bour in different 
chapter 


Th 
е seee Г 

nd chapter on the political ari 
population in 
der principal crops. 


ional 
the density of pop 
distribution of ia 
the population. The 
ле different regions are 


region by regi 

a brief e la the area and total census 
ivo census ii m of climatic conditions. the area t 
ses from 1891 to 1941, migratory 
e distributior 


ents of population. 
ratio of 
population in tl 


industrie movem 
за g 3 E 
nd also а discussion of the ag запа sex 
listribution of 


ends wi 

5 with four i 

Colle, our tables in which figures relating to the € 
different regions as recorded 

əs and the characteris: 


ations and concludes 


tion in the 
four broad group 
al consider 


eted together. 
ement of popula 


classified into 
th certain gener 


Ine 
hapter II an account is given of the mov. 


in ceng 
SUS го 
tie fe s reports, In chapters IV and V th 
xd out. Chapter 


atu e regions аге 
res of enc 5 

of each group are pointe VI sets for 

'oduetion. 

N. T. MATHEW. 


wit! 
та plea fi 
ea for 4 i c 
ra wise policy of conscious € p 


ont rol of ге 
канен by Eg. 5. Pearson and John Wishart with а Foreword by 
sity College, 1942. Pp. 224, Price 


тее, Univer London. 


"S; yd 
Launce M Lucent s“ Collected papers 
MeMullen, Published by the Biom 


Fifte 
fteen shillings. 


etrika Of 
trika authorities 
ly Gosset (1876- 
Ives 


es that the Biome 


Mr. William Sea 
As the editors themse 
al methods 


worker 


ious students of statisti 


ientifie papers which 
f Student". 
he application 
“he was 8 pioneer 
ork is intimately related to the his- 
attered over а number of journals, 
s of that journal. But 
Agriculture 


to all ser! 
‚ the ве 


It is 
8 servi H 
have a service of lasting, value 


1937 
37) ha " 
d published between 1907 and 1937 under the 


of Student's contr! 
h industry anc 
pidly expandi 
odd papers 9€ 
robably familiar to reader » 
"s Encyclopaedia of Scientific 
except thro" 


rende 
re Е 4 
d by re-issuing та single volume 
pseudonym о 


ibutions was t of statistic 


rem, 
ark i 
> n the рге * 
the preface, the central theme 
and 


In th 
1e resear 3 А 
search and routine problems of bot | agriculture 


inag 
а fiel 
Ма whie x 3 F 
torical which, during his later years, was rà ng, and his W 
Of his twentyone 


s of hi ika and are P 
historical importance such as Wield Trials in Bailliere 
sible to the majo i 


deve зыб A 
по loss тше: of his subject”. 
Papers ian fourteen appeared in Biometr 


igh the present 


st ical wo rkers 


Pearson and Юг. Wishart. 


(1931 
vel) wo 

uld not have been easily ace 
sor 


соп 
imer 
norati Я . 
ation publication undertaken by Profe: 


VoL. 7 SANKHYA HE INDIA 0 А S х У 3 
Е T N JRNAL OF STATISTIC | PART 
7 EST SANK AX КЇ, < INDIAN URNAL OI 


ion of "Student's" work. Sufice it to 
It is impossible in this brief review to attempt any evaluation of "Student's" work. жик. 
| : iri 9 se etc e RI 
1 | b 15 the father of the ‘small sample theory’ and the originator of what ha е 

say, he may be c: à ais ОР — 
a Studentised statistics’. In the design of field experiments in which Profe A 8 
2 lutionary techniques, Mr. Gosset made notable contributions by way of expository ar 
revolutiona ‚ Mr. Goss 


her introduced 


B көеп them. 
i i i s of c ч on between t 

iso of randomisation required in the Fisherian technique remained a bone of contenti aet pam 
proviso s À rbd 
y e masterly way in which he led the defence for balanced arrangements and in particule dine wa 

Г ў i se death 
j г rity res ease c 

halfdrill strip method may confound the learned judges of posterity and more so beem 
the counsel before he could conclude the arguments. 


et and in 


"u " Ma G 
The book has two additional attractions of a personal nature in а photograph of Mr. Go 
the foreward by Mr. McMullen, one of Mr. Gosset’s Colleagues in the Dublin Bre 


y. K. R. N. 


Gwyther, J. C. 
ed by the Univer- 


Table of Powers initiated by J. W. L. Glaisher, extended by W. C. Bickby. r 
P. Miller and E. J. Jernouth. British Association Mathematical Tables Vol. IN. Publis 
sity Press, Cambridge, 1940. Pp. 132. Price T 22/8/-. А e 
1 This is the ninth publication of the very useful series “British Association Mathematica 
The present volume 


seventy 
—— 5 » iaisher about sever’? 
is based on tables computed under the supervision of J. W. L. Glaisher ¢ 


years ago, and later extended by W. G. Bickby and others, and contains the following tables :— 


)-299 5 
(1) Upto 50th power of numbers from 1 to 99; (2) Upto 16th power of numbers from 10f (5) 
(3) Upto 12th power of numbers from 300-1099 ; (4) 
Values of Binomial Coefficients up to n—52. 
There is an introduction by Mr. J. C. P. Mill 
which contains sets of complete 


50; 
: лушат umo B 
ТаЫез for evaluating sum of powers u[ 


ematical tables 


er and a bibliography of important math will 


3 ‚ same series, 
integral powers. The present volume, like others in the samt 
be extremely useful for computational purposes. р. K. ВОЗ®. 
Е 
0 0 
А Review of Price control in India by S. G. 


ham Colleg 
Commerce & Economies. 


Beri, Professor of Economies, Syden 
Published by the New Book Company, Bombay. Price Rs. 1 pe ing 
The publication deals with one of the most. intricate and vital problems of wartime liv vledge of 
argument is closely reasoned and the lucid style enables even a man without any technical know Jating 
economics to grasp the subject matter thoroughly. nown 
to cost of living index, index number of prices, and з of 
to be inadequate and out of date in many 

general tendencies, 


The 


занез T€ 
^ 3 MA statisties 
The author bases his conclusions on stat 


re Кї 
В А А "E. ros аге 
currency circulation, The index figur 


sation 
ways, 


. able. indic 
but probably supply a sufficiently reliable i 
the 
ae 2 ы З regard to 
Price is determined by the equilibrium of the forces of demand and supply. Having e lationarY 
exigencies of war economy, Dianne hasing 
à № rehas 
tendencies arising from a в 


ibilise 


E м , А гап 
mereased demand in relation to supply & 


r 
" ro in the pu 
vernment expenditure and therefore in 


joning 
„ut ion! 
on, ru 
р : such as introduction of enhanced rates of taxat! ceive by 
of scarce goods, imposition of restriction 9n export and import, stabilisation of remuneration re 
individual workers, stabilisation of agr 


chase 
ieultural prices, 


and discouragement of credit and instalment buying mu 

© control regulation. The author has 

tices of price control adopted by countries like Germany, 
Apart from difficulties of 3 


Jike the vast size of the country, 


n 
Мн iia ; from the pu 
4 4 " diversion of earnings of individuals from лот 
of unessential articles into saving, ist be € 


prae" 


сей 
х Я х and 
T ess in the pric м Я shniques ат 
богепазге иав P discussed the various techniq 
Canada, U.S.A. and U. К. " 
E iterate 
in other countries, India has inherent ] ser 
а "al 8 
population, diy н 


mor of puana 
А е lack of organized Consumer's opinion, oppositior dis 
interest to price control, disturbed political situation, large pure 


3overnment 9 nb 
ч tih A hases made by the Gove axte! 
on behalf of the British Government and partly for Ind ч 


H Si Е 
l ia’s own defence r ДЫн 
for reciprocal aid to U.S.A. forces stationed in the country, 
To safeguard against such additional difficulties G. 
measures. The author has rightly obsorved that “t 


price control experienced 
the enor: Г is; i seve 
1 Mai mous rural ision of the country into sev 
administration (provincial and state) units, 


10 


equirements anc 


arti? 
М 2 > he large expansion of currency could have hee? езй or 
avoided by importing goods such as machinery and other accessories of industrial development ould 
through the British Government or by raising B. p 


а rice 
ked Бун The inflationary rise in P jloyme" 
have been checked by ini: lating a v ntry and ensuring fuller em! form 


^ i : ] un? 
of the factors of production for wh Hy. Albesnie of united a 
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price-control H 
ы ‚у central governme H 

ernment, the pie meal and unilateral control imposed by the provincial and 
ont of the different regions, inadequate 


state gov 
i governm onts. арға а 

| absence of a coordinated survey of food requirem 
f the deficiencies of the price 


а lministrati 
rative mae? et 
achinerr for 2 
шегу for implemonting price control measures are some 0 


“contr ; ё 
унго! poliey in India." 
a that more direct parti- 


be the proper course. 
т. CHOUDHURY. 


The aut А 
ithor is iit баз Эре 
not in favour of withdrawal of price control. « He is of opinior 


cipation by G 
у Governme ry 
nent in the actual procurement and distribution of supplies woul: 


Nuriugs & 

ngs d: Investments in India be А. К. Sur. NM. A. with a foreword by Mr. Nalini К. 5: Кат. 
1944. Pp. 34. Prie» -/127-- 

s specially we 
iding is that owing to à variety 


Publi 
— зу the Indian Economist. Ltd., Caleutts 
lis study of trends in different forms of investment in India i 
in India. The author's fir 
indigenous capital showed 


val estates and jewellery, that is, both commercial 


leome at a time when 


large i 
ge industris hs 
ial developments are expected to occu 
-mptoms of over- 


of fact 
ors operati E 
perating together in tho thirties of this century 


coming i 
g its sher 
— Norma юр? 
à s. Forms of investment other than те 


favour with Indian investors. With surplus funds created 


as life insurance policies and new industrial 
ye expected to continue if the fiscal policy 
To banish the ‘liquidity-pre- 
establishment of a well- 


and ind А 
ustrial inve 
during thi linvestments, are finding increasing f 
nis War goi ч - 

r going mostly into Government loans as well a 

stments may! 

of Indian industries. 

r suggests the 


йай 
ations, this 
+ this change towards modernisation of inv 


also does i 
es its part fi 
s part for the development and protection“ 


Tere 
nee-con ie 
iplex fr 8 и 
у from the mind of Indian capital owners the autho 


market offering easy facilities. 


ents on statistics. ever, that 


Tt is a great pity. how 
One obvious error has crept in at page where he is 
ow the high dispersion coefficient of the income 
(Rs. 1000-1.999) is stated to be only 500 
falling in that group from. 


Organise 
Mr fond broad-based investment 
Mr. Sur deserves Sages 9 
rves much credit for basing his statem 


һе} 
> has not gi 
"уе refor 1 
given references to sources of information. 


ШҮ 
g the statisti E : 
tatisties of the income-tax payers in 1938 to sh 


in the income-group 


distributi 

ШИ . " 

EE a of this country : the frequency 

is obvi diu б, : \ S 
iously due to the exemption of the important categories of incomes 


Aprl, 19: 
DURGADAS Basu. 


Sen B. Se., (Econ. ), 


by Sudhir 
by Visva- Bharati, 


Published 


C * "I NS 
Ph.D, p "m of Economie Ideologies т India : An attempt at Reconcilliation 
D. Publication N x = d 
ication No. 1 of Wisva-Bharati economie 


Santini 
ntiniketur 
1 1941. Pp. 44. Price . аз. 


research studies. 


„а here from the point of 


sonsidere 
Jopment, 


ed that at the prese! of economie deve 
le industries. On the other hand, blind faith in small 
What їз desirable is to hit а golden mean of these two 
а suitable form. 
iples and general theories. This 
t of theories whieh are believed on @ 
What is needed js a patient 
onomie re- 


wrong. 


е school of thought is € 


a and machin 
nt stage 


The c А 
contliet between the charki 
finally conelud 


ly to large Sen 


view of 
of gener; — 
ridi general principles, and it is 
wean i 
in ill afford to switeh over entire 


seale i 
industries 3 
lustries alone is also detrimental to 


progre 
es аге cited аз 

broad prine s the usual 
n suppor! 
ctical value. 
res, Until this is done ec 


Sen's conclusions are 


types; W 
з 7 arthemberg's countryside industri 
As already stated, the author deals with 


ions in India: resented ir 


of much pre 
t facts and figu 
suggested that Dr. 


ishing their validity on о 
| this centre sk 


facts are P 
t likely to be 
а оп relevan 
]t is not 


m 
ше of 
economic discus 


priori g 
ro " 1 
grounds, Such an approach is no 


апа obj ж 
jective в " 
sears] а study of real situations b 
areh is h А i 
ound to remain abstract and academie- 
ceded is est abl 


They 
y may 
nay be perfectly correct but what is п 
emendous- 1f this is fully utilise 


jective grounds. The 
nould be able to 


Scope for vi 
e or village study at Sriniketan is tr! 
ke signifie: А y : 
gnifieant contributions to the economies of rural reconstruction. ME б 
м. MUKHERJEE 


Intia by D. №. Makerji- pablished by Hind Kitabs. Bombay; 1944. Рр. 46 
а deep-rooted. 
horities even 


to time with 


Evninati ; 
T Zipninations 
Price 12½ 48 ons in 


Our dissatisfaction with the eurrent syst 


complete ат 
ed by the aut 
p from time 


em of examinations is today 5° 


cious of it. Advocators of reform are no 


Yet critic 


longer receiv! 


isms of the system crop Ч 


we pavers no longer cor ; 
8 ыы ference $ they are simply ignored. 
gularity—like hardy annuals. 
Unfortunately, however, criticism 
nsvstematie to be of much use. 


fragme: as levelled against examination authorit 
м ang ux : This book has the 
ae fia 3 if sketchy, analysis of the subject of examinations. As 
paign against the appalling foolishness of our present The Progress! 

pook 


Uni 2 
versity whieh sponsored the publication of this 


towards this. 
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Si E] H H wether. 
E tex tions altozet 
j sc "s "ve out the problem оГеханиия 
di ге; ets the Sargent sc heme E hould k "vie OL 
The author regrets that 
but he stands 


‘aleutta 
"ni i i issi por 902), the Caleu 
ready with long excerpts from the Indian Universities ( ommission Report. (1 ) дери + 
1 T i 38 y ieial indict 
Uni ity Commission Report (1917-19), the Zakir Hussain Report(1938), to show that offic 

niversity Со ss ] бв 
of the current system have not been lacking. There are th 


ато T 
> things, he tells us. whieh an examiner oug 


inction 
9 е : = 2. the distinc 
to } w—the purpose of examinations, the relationship between teaching and examining 
о know— s эң 


iners 

z А : ; " lern exami 

<i "se are precisely ^ "e things in which the moc 

between knowledge and skill. But these are precisely the three tl 

i nee is most manifest. | РИ MÀ 

kn i ia. i f lervalued science tl at it is particularly heartening З 
Statistics, in India, is such а young and undervalued scienee m sy A окан 

point to see the author recommend the use of statistics to solve the sortiti 

force this point. he gives a long ex грі from ‘Marks of | 

it runs, “should acquire as part of his training, 

involved in such work. . . . the art 


problems of examinations 


tmine: 


"by Hartog and Rhodes, “Every | е 
some knowledge of. the elementary statistical princip 

of examining 
scientific technique ; and this technique must, 
combining marks for different que: 


ый principles and involves 


sts on ind di 
to а large extent, be statistical. Even so simple а tas 

stions cannot be rightly 
less uncorrelated, are 
be made without some explic 
follow” etc, A survey of the 
each of the years 1928, 19 


st 
R a of what mu 
understood without a knowledge of w 

occur when marks, more or 


s "marks 
5 2 ation of mc 
averaged or summed. Nor ean a proper allocati 


} чу 
; “кер $ А rox inmate 
it theory as to the curve of distribution which marks should app 


as for 
s y ` ; aundidates 
about a thousand High School Examination eat 


summarised into a t 
clusion that pass and failure are determined at pre: 


“Actual results”, the author 
achiovements of the average group, i.e. 

Coming to the chapter 
and over-theoretical critic 


marks gained by 


à à is for the con- 
29 and 1930 is here able whieh provides the basis fo bitrary- 
А vast, arbitrary 

sent by a level which is, to say the least. а 


¿of the 
goes on to say 


А - ‚ А | bus 
“as "passes? and “failures should be decided on the 


-in the light of the (Mean I Stand 
оп suggestions one 


isms which are 
built up into a coherent system 
a moment that such attacks on the professional and se ч — € 
complacence of our Unix ersities. But the state of edueation in India being what it is, cynicism, if not in 
able, is at least natura! enough, 


ard deviation) ligu . ithusiastie 
в reassured that this is not one of those over-et 


content to draw the 
which should be 


зона ae 
а "i и St iotis il 
line at mere indictment. The sugges 


self to hope for 
capable of application, One might allow himself to hol 


Eu : anne Elit Ж 
fentific front will at last begin to undermine 


(s pas Gur 
Building the Canadian West 


York, 1939. Рр. 421, 


The main theme of this well-doe: 
Canadian Pacific 


а 
by Profi ; inan & Co., New 
by Professor James 13. Hedges, Published by Маса 


ente. the 

i . А сше. 

umented book is the achievement of à private mit aac ith 

Фу ак » pailways 

Canada. In building the ra tion“! 
а : " А гапа 

not interested only ina “auit-eash trat 


"lie 


Railway, in colonizing 
Canada, the syndicate and the Dominion G 
fundamentally they wante 


the prairies of West 
evernment were 
d permanent sel 


ttlers and e 
as therefore 


ТИҢ к г теше t 
‘ommunities whieh would ultimately cre 
Preliminary investment w 


in 
j ; recisely 1 
> heavy, and the terms between the t Wo parties are deseribed pret 

the following quotation : 

“In October 1880. the 


syndicate sig 
thousand tiles of railway 


ned a contract with t 
Westward from the Great Lakes to the Р; 
а cash subsidy of 25 million dollars and a land grant of 


thing, locating and selecting it was another, Here 
States. In the latter country, railways had rec 


" А À 
and the land was contiguous to the railw; 


id {wo 
m mild + 
he Dominion government to | И! 
РЗА The syndicate rec 
acifie coast. The syndi as one 


= s 3 А x d w 
> million acres, Granting the lan United 
' : е 
Canadians 


k of th 

profited by the experience of » р 
dio ile of line 

ed amount of land per mile of 

on the other 


зи: 
nt of 


eived a st ipulat 
The С.Р.В 
length of it« line ; 


e that the Amer 
them well. The contract included 


4 ixed amou 
hand, received a fixed 
land, 25 million acres, regardless of the 


gu- 
ous to the railway. It was her 


v cont! 
Moreover the land did not need to he erved 
ican experience of some of the 
a “fairly fit for settlement clause" 


acres critically and choc 


syndicate membe sente 
я e syndi 


lected n 


illi Which meant that th 
could choose their 25 miilion 


газ ке 
Actually, the land was $ 
an, and Alberta.” 


ose it anywhere, 
апте provinces of Manitoba, 


The history of developme 


what are now the three pr Saskatchews 


nt starts from 1881 and has been tr 
crops failed, weather 
on in sales and in its wake 


hrough periods of depression ; 
a rece 


“eed till 1937, The Railway had fo ght 
revolted against Settlement, the war of 1914-18 мй 
pression, The р 
types of wheat, 
immigrants across the 


an economie de 


кыл, wav laun 
| " authorities of the Railway 18 ant 
irrigati rojects, introduced better Š ы я : E 
irrigation proj Sponsored a Department of Natural Resour 
operated an ocean service for 


sible 
; ic E aaeeei 
Atlantic, In regions of inferior or more inact ade 
lands, the company embarked on a programme of a sted and Supervised Setimes аш. tho жаай ун 

х ides әт ; s , : s "me! sits the 
farm, the loan farm idea. The policy was not Philanthropy but enlightened selfishness on the part of 

з selfishness 

company". 


past 


BOOK REVIEWS 


at tide of immigration 
sribing the technique 


By ше Pex ; Ii Y 
у means of extensive advertising with centres in Europe, there was а gn 


and no selecti 
Mert ах 20 ` "t : б 
ion was made during the rush. The chapter on "Advertising the West’ de 
encies even of today. The policy of land settlement 


rears the problem cf demobilized soldiers 


and the org. А Fe 

ane ле organization is illuminating for advertising ag 
914 ; Р й 

had been entirely defined by the company. In post-war y 

and the latter adopted a directive 


inspired t ' 
he Government to encourage a selective immigration policy 
subsidy from 


The Dominion Government started ‘training farms’ with 


atti 
titude towards the company. 
British settlement was preferred naturally by the 


hequer. 


E governments and its own € 
anadian Government. 
1 1 of "s book bean the Ер of thoroug 
tha verses са : oft i апаам Paci de Railway. The list of reports and memoranda exchanged between 
y and the Government convinces the reader of the vision, energy and hardheadedness of the 
ibly to take advantage of ‘capitalist expansion’. 


hand able ransacking of the carefully 


the role of the Government was pos 


Railw 
, ay Company 
y Из development. ‘This 


sd social aspects of the scheme while de: 


The 
he author has not diseuss 
“Speed was sometimes unwise and made 


for waste of 


explains : 
the pessimistic note of his conclusion, 
Absence of а study of the new economie and social org: 
thatthe Company's 


anisation 


National res 
resources, human and material". 
made the author think 


The expansion was planned for agricultural 
Price depression 


u e 

Wt sprang up in the way of the colonisation has 
could do little more than mark time". 
need of equating it with other human demands. 
have also proved costly due to frequent droughts. The 
One would have liked to have 


Organisation, 


Producti 2 

119 : tion without keeping in mind t 
S bem Ару 

1 the result, and certain settlements 


incent n 
ive мы 2 
° of sary development of industries. 


| had occurred in the course of colonization. 


this war has fostered the nec 


Some id х 
des Р А i кей 
а of the wider social and economie developments whic 


conditions in India lies in its abl 
to the various plar 


le compilation of facts dealing with 


The v r ; т 
ie value of the book in relation to 
ах which аге being made 


lopme Е z 
Pment of waste lind. This history may serve as а guide 


deye 
in India f, 
а for lind dev 
eve . 
юршш р. С. BANDYOPADHYAY 
Published by Cambridge University Press. 3rd Edition, 


Napier Shaw : 


He bas therefore 
„ and in this 


307 with index. Price 108. bd. 


that went! of an accomplished artist’. 


лег is the work 
interpreting the sc 


ls the contents of thi 
‚ and introduces the diffe 


susto watch the pageart which 


ir Napier Shaw Бейеу 


Td : 
dram, t dramatic background throughout while 

асе E : 
He himself cal 


In hong 
са sader to th 


squence of events, in the s 
e book as ‘unconventional essays’. 
rent actors 


infu: 


k " 
uds are the star players. 


e stage of the + 
Sir Napier : 


rst few 
Голу pages he conducts the re 


за 

line, wi 

ар > Wind, temperature, pressure and lastly the clou 1 ie ye ; 

$ been tr СШ м > mne ing the prol logue—pagean ry in the sky—. 

he "dn I yesterday into to-morrow. In cone ludi g i . 1 sages 
з re і | i » fori stir g what 15 ы ys 8 

› there is perhaps по subject more suitable for illustrating уж g 

N rdination and classification to order’. 


through co. 


Ji 
Progress fe 
ehind for exampl 


on, 


om the chaos of the first impre 
es from the remote ages of their 


intera t 2 hile beginning th» subject the author looks js E ya apiid, Apt lest cam 
Show à Weather, and then gradually turn? to presenting bis б =. loped to w тыра öt 
rather ПУ sign of nearing the end. Instruments which were gradually фаза oper to watch the drama, or 
oË to clothe the artists for the show, are deser ibed with details of their successive improvement. Records 
tween and collected speedily from far-flung weather stations 

And his heading 


ора 

servations whi 

Y wire] ions which can now be exchanged be 
ae "NC; n 
н form of visual ima 


SE the 
is the 


ges than in dry language. 

In fact, the essential merit of the book 
a reader can never grudge, which 
which has to 


SS S ч 

i S have been presented more in the f 

chapter is ý 

" pter is rightly ‘the weather map pr 

lumber - 4 

ле д, Mber of beautifully reproduced illustratior 
oes wit] 2 


be 
be Mentally 


esents the play 5 
And that is why 
ле has been given som 
but eminently success 
wdmirably as а comp! 


8. 
e knowledge 
ful venture in giving 


endium for the 


that H 
really a bolc 


1 many of the popular books of science-- 
The book i 


retransiormed into pictures. 


an gyg; 
“we reader such wealth of information which also serves 50 4 
шы Nous i lation to the growth 
tro) " п this edition a chapter has been added dealing with the weather S vp А socii Aat: ke 
intr bs. Agricultural meteorology has now a literature of its own, which has £g 
chanism of 


оне 
explains the me! 
thrown on met 


ble to develop 


i n i 
tion of statistical methods. 
eorology РУ 


as early as 


hapter which 
which has beep 
has been poss! 


title of another new © 


Vhere our rains come from: is the 
rir-mass fronts 


Wind o 
. The new light of z 


rro; 
rents and their energ 


Nor 
SENE ort focus. It 


egian seiencist, Bjerknes, has been given & sh 
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- оше а 
1937 а method of forecasting for periods of ten days in advance. Its success has been such as to become + 
weapon of strategy in warfare, and. it is told by newspaper men that Hitler had advance information 9 

2 =. E $ " ing 
King Mud's coup d'etat in Polish Campaign of 1939. Background of the whole process 15 the understanding 


s обон + En "TU Ww er 
of "broad-weather situation', a term used by the German meteorologist Fanz Baur. Just as W athe: 


connotes a number of processes lasting perhaps half a day or a dav, the conception of a broad weather 
tion includes a series of individual weathers; it is a condition of the atmosphere which controls the we ath 


ini { i i А inpar 
for several days, remaining sensibly constant ір spite of the changes in the l'owar 


latter from day to day. 
the study of the broad weather conditions, a very early contribution was made by Г. C. Mahalanobis. wh 


had shown in 1922 that the relations of pressure-temperature conditions at 4 km were closes than those 
коц u by Dines at 9 km. Statistical methods used by Mahalanobis thus located the seat of activity in the 
upper air at a lower level, and observations here аге comparatively easy for eolleetiong the necessity 
inform ition for predication 

From start to finish Sir Napier has been essentially a poet. But he has sermons also for the rigid and 
red tape methods of weather broadcast which are ‘crown copyright reserved’ and therefore hamper prof ress 


searc The М ik А s Р 4 neration 
ofresearch. The book is unlike most others of popular series. It does not develop an awe-inspired vene rat! 


5 A b Б -nientific 
in the mind of the reader for the mysteries delved into by scientists, but adds to the scanty 561 ntif 


E 5 ti " E Ante as 
knowledge, both analytic and synthetic, of the common man, Art paper on which the book i5 printe ghi 
made it possible to have before the reader the ‘scenes’ of the drama, and the pietur 


ellowed the 
hard core of scientific knowledge. 


have m 


Р. C. ВАХОУОРАРНУАУ 
w, Dyan- Prakash 


pp. 32. Price Rs. 1/8]. 


The Forming of Federations В. В. Kale Memorial Lecture by S. G. Vaze, Edi 
Published by the Gokhale Institute of Politics and Economies, Poona, 1943. 


р ба A 1 к -— р self- 
The chief task which Mr. Vaze sets himself is to demonstrate the importance of the principle of se 


determination in forming Federations. His whole aim is to make us see that it is not by hoodwinking ош 


differences, but by reeognising them that we can approach a basis on which unity i ina ain 
like India, torn by the conflicting interests of various nationalities, eultur 


; possible. бше 
.erlook 
Е : „ religions, to try to oe ii 
differences in order to overcome them is to travel as far away from the solution as possible. Modern histo 
has innumerable analogies to prove this. 1 the 


75. In Canada, the effort to establish a unitary state failed, атн h 
authorities were compelled to divide united Canada into the provinces of Ontario and Quebec. The тепе 


Canadians and the British Canadians could come to a settlement only on the Federal basis. ] even 


Anc 
Lad i V for +“ ^c PS 381 H а "nation 
Lenin who рей for "the closest possible amalgamation of large territories" had nothing but Federatio! 
to choose. Unity, he found. ‘must be attained by means of teac hing 

; 2 pr. 


ent“: 
for unity achieved by coercion contains within itself only the 


Py cons 
opaganda. and voluntary € 


"his hird’ 5 seeds of its own destruction. 
This bird’s-eye view of western constitutions (C 


Yugoslavia and Pre-Hitler Germany 
y) ought to be епо "onvi “Ak 
talk is prompted more by s are 


sentimental than politic i i — » topić? 
2 В al considerat Thira: so termination 18 the 4 
one often hears it said that self-determination is good Ho Modan еги 

З v. a facto? 


:ourse true that th Se = и zs 
CE : ue ша nor enter into politics as active factors; “But it (race or religion) is 
capable of immensé potentialities for mischief, and the best н 


* А се 
бен. 4 way of sterilising it to a maximum degr à 
take it deliberately into account and make it the basis of administrative s E ;eisions". Quoting selborn® 
i 8 ive sub-divisions". Qu 


(ferent 


un sin м choslovukia, 
anada, Soviet Union, Finland. Си , 


but it should not go by race or religion. 


is й t 
5 is for both races to avow it (Italics mine)- pale “ 
possible form of union is one which the other party will ace 


ne hopes that such ections 1 nstitution Ў 
One hope: such reflections о; ist of € i E 
8 8 z ве в on the histe гу rn © itutions W 
ur eyes to the situation as it really is and not as we imagine it | E "a pieni 

it to be, 


same time for both to admit that the only 
as well as themselves". 


E py 13 

| sarn from history 

given to every country, and one fears at moments that it is not gi eg 
i 5 ‚ given to India. 


Nearly two-thirds of this booklet is gi i 
à ^t is given to the discussion с titut? 
NS a NL. seus of western. ehi a2uropean cons 
All this is no doubt very relevant; but it is relevant only as a histor epo E oW Е 95 In! ne 
s Storical context in which the tor 
. du 
Tt is not therefore obvious why the author shou 55 


ussion of this context a; strict himself to the most gene | 1 i 
x A т Xt and restrict hims erat 
with regard to ndia. The question of self-determination comes ^ ж nis е! 1 i 

3 up in India chie 


to 
м M d A reference р 
demand for Pakistan. Yet not once is the question of Pakistan n Р fly with refe Pakistan 
the light of self-determination discussed. But was this because 5 or 

ecause Mr. 


lem must be seen if it is to be properly understood. 
into the coneretest details in the disc 


the meaning of the 
citadel of the Akhand Hindustanites’ ? Vaze was speaking in Роопа: 

с. Das gue 
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PREFACE 


ished with two objects in view * 


peing publ 
ground of the Bengal famine of 


m 

1 he present report is 

1) To gi я : 

1943 a С ) To give a concrete idea of the economie back 
and its after-effects. 

2 Toi ; x А H ^ Es 

(2) To indicate the kind of results which can be obtained by socio-economic enquiries 

surveys: 


carried 
out by the method of sample 


ficulties caused by lack of 
Its discussed in this report 
es are likely 


m 
of TEM present enquiry had to ader great di 
would Deis 1 financial support. $ is hoped, howev that the rosu E 
to be 72 75 е Government and the interested publie to judge how far such enquiri 
useful in practice. 

r some considerable time the orga- 
sample. Survey scheme in Bengal which 
i i ossible to collect 


oduction of important crops 


т 
Т ES apes author has been advocat 
Would be in z comprehensive multi- 
information operation throughout the year- I 
in each seas not only about acreage, rate of yield and total pr 
economie ¢ son (as is being done at pr the crop survey scheme) › 
drainage 1 demographic factors such attle, cultivation. methods and imp 1 
roads modus rural unemployment and indebtedness, village crafts and industries: 
public an ee e marketing, price $ of living; patterns of consumption, literacy, 
also, if desi 1, epidemics and. diseases tes, growth of population, etc, and 
if desired, changes in the national dividend in t 
ion relating too 


items E. standard programme of work 
ould be collected every month, 


OR once: 
once j 8 
tional Е PNG ea and soon. The population © the 
istributions can be estimated by the sampling method from time : | 
si .sanizati ould be rea y 

hand + Besides the standard programme, the sample survey organiza оп за 1d failure of 
Crops о carry out rapid ad hoc enquiries at § пог notice. If there 116 БЕ оой or бай" 
dub or outbreak of an. epidemic, ог distress cause by natural clam? А) Т relating to condi- 
tions 2 the sample survey organization would be able to collect in ormai ation 50180 make 
it po n affected areas in the course of a mon hor tW Such ап T y 0 dày contact with 

possible for Government and the general pu о Ee 25 read, ibmitted a 

nt he Ser 
country- „the Gover? f Bengal 


Vital М 
F ошо. conditions in the 1 
е which is at present under consideration y 


GENERAL SUMMARY 


History of the survey. Bengal was seriously affected by a famine in 1943. Material 
relating to the economic life of the rural population was meagre, and reliable information ха: 
lating to the famine was simply not available. А sample survey was conducted in 1944-45 
by the Indian Statistical Institute under the guidance of P. C. Mahalanobis in collaboration 
with К. P. Chattopadhyay, Head of the Department of Anthropology, Calcutta University, 
to investigate the after-effects of the famine. 


2. Originally it had been intended to carry out the field survey with the help of 
University and College students during the summer vacation of May, June and July 1944. 
In order to enable the work being done on an adequate scale the Government of Bengal were 
approached for financial assistance and a grant-in-aid of Rs. 25,000. was sanctioned. There 
was however a delay of two months in sanctioning the grant which completely upset the time 
programme, and the field survey had to be extended from the end of July 1944 to 


early February 1945. Owingto thesetting in of rains and other difficulties, expenses 


had increased very considerably. The field survey had therefore to be curtailed to some 
extent for lack of funds, and the analysis of the material was delayed for the same reason. 


3. The present report gives certain results based on a statistical analysis of а portion 
of the data collected during the enquiry but much material still remains unanalysed. Be- 
sides the after-effects of the famine the present survey has supplied valuable information 
relating to economic conditions in rural Bengal. 


4. Occupational groups. Тһе effect of the famine can be fully appreciated only when 
considered separately for different socio-economic sector: i рї 
report the family is the unit of survey and consists of 
kitchen (in accordance with the Census definition), 


that particular occupation from w 


s of the population. In the prese 
all persons taking food from the same 
Family oceupation has been defined as 
hich the greater part of the total family income is derived 
5. Agricultural occupations. have been sub-divided into four classes : ‘agriculture’ 


consisting of ryots (peasant proprietors) who actually cultivate their own land or land taken 
on share (barga) basis but who do not work as hired labourers : 


only cultivate their own land or land taken on a апае Б 
labourers ; ‘agricultural labour? consists of persons who 
negligible area ; and ‘non-cultivating owner’ is a hetero: 
of large areas as well as widows and шу 
by hired labourers or on a share basis. 


‘agriculture & labour’ who not 
asis but also work as agricultural 
do not own any land or only ? 
geneous group consisting of owners 


alids who are obliged to cultivate their own land 


6. Economic background of the famine. 
(in 86 subdivisions covering about 70,000 square т 
(10.2 millions) consisting of about 552 lakhs ( 


me number of families in rural Bengal 
miles) in 1943 is estimated at 102.4 lakhs 


Д 55.2 millions) of persons with an average family 
size of 5.4 persons. The official figure for the total area, under cultivation in normal times 


is about 250 lakhs (25 millions) of acre including double (or sometimes triple) cropped area* 
(There are, however, reasons to believe that the actual area, under ри is appreciably 
larger than the official figure). Paddy forms the staple food апа ^ 8 
and constitutes about 88% of the cultivated area, 

winter crop) was probably something like 180 or 190 


E oney crop of the province 
The area under aman paddy (the majo 
lakhs of acre just before the famine- 
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10 maunds (about 820 Ibs.) of rice 
defined as persons having food from 
ural areas ; and the 
The 


- т 
— The average yield in round figures is about 
in husk uad i > 
m nusk) per acre. The average size of the family, 
` same kitchen (in à ; К 
kitchen (in accordance with Census practice), is about 5.4 in г 
about 4 maunds per head per year. 


average over- А 
age over-all consumption of rice is estimated at 
т family on an average. 


subsistence level i 
1ce level is usually taken as 2 acres of paddy land pe 


S. The actu: sition i 
e actual position in Bengal even before the famine was precarious. About 


one-third { rmm 1 
rd of all rural families did not own any paddy land while two-fifths had less than 2 


acres so that : : Те 
that about threesfourths of all families had either no paddy land or owned less than 
as à whole was about 1.8 acre of paddy 


level or on the borderline. It is also 
ears before the war, there was & 
of rice and other cereals 


Worms 

Worth 220 amily which was below the subsistence 

small but 1 HODIE that, averaged over a number of y 
‚ net import of about one per cent of total production 


into the provi 

provine>. 
The sample survey showed that 
J acres of paddy land 


just adequate or fell 


as not satisfactory. 


от 
9. The cattle position also W 
9 lakhs giving а share of 4 


the to 
no я 4 к 
рег s number of plough cattle in 1943 was 7 
air р . , 
umi. r of bullock which according to many economists was only 
" 1 7 8 * 
ghtly short of requirements. 
10. In a majority of subdivisions 


of the famili 1 
far 2d families owned less than 2 acres of paddy 

amily we A 1 
ily was something between 1.5 and 2 acres (Table 5.2). In fact classification of sub- 


divisions by amount of paddy land owned per family before the famine was found to be roughly 
parallel to the degree of incidence of famine conditions. This is, of course, just what is to be 
“apered. Subdivisions in which there were more families with paddy land below sub- 
Sistenee level were naturally more vulnerable to the famine. 
of "en Land sale and mortgage — During the period 8 1 
ies sold their paddy land in full or in part out of whom 


Үү А ul and had lost their only or chief means of livelihood ; 6.7 1 
reir paddy land of which 1:03 lakhs had also sold 
f the number W 


mir nearly 16 lakhs of families (about one-fourth о 

land A 805 before the famine) had either sold in full 
uring the famine period. 

lakhs * . Sales in full were most important in the epe. : 

ыа: oi 40.1 lakhs or 6.196 of families were О n ета 

ans of liveli- hood. Only about 30,000 out of 16. or 1.2% of famtt 

Soup (owning from 2 to 5 acres) sold all their paddy and less than 400 


of § | 
8.8 lakhs 0.4% of families in the upper group did 
13. Sales in part were least frequent (about 9 le 

most frequent (2. 


^ DENM group owing less than 2 acres ; иена 
out » m in the middle group owning from 2 to 5 acres + um 
land i oe or 12.5%) in the upper group ОУ 
rather s аин in the lowest stratum who sold p 3 pu 

; han in part. In the upper group, sales were mos 2 
авай paddy land which was & characteristic feature during the famine y 4 
ры e у ither to distress OT sire to т 
de groups sales were probably due either to 4 

pending on the economie position of the family- 
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(26 out of 41 surveyed) more than 70 per cent 
land per family, and the average owned per 


] 1944, 9.2 lakhs 
Id their land 
rtgaged 


943 to Apri 
2.6 lakhs had so 
akhs of families mo 


ho had owned 
or in part or 


g less than 2 acres ; 2.4 
nd lost their chief 
s in the middle 
0 or out 


bliged to 
3 ]akhs 
land ; 


the same thing. 
0.1 lakhs or 7.4%) 


khs out of 4 
t of 16.2 lakhs 
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14. The position may also be considered by occupational groups. Mortgaging or 
selling paddy land in part was heaviest (7 2% and 9.9% respectively), but sales in full were 
comparatively low (2.4%) in the group ‘agriculture’ indicating that there was general im- 
poverishment but no pauperization on a large scale among cultivators owning their own land. 
The group ‘agriculture & labour’ was much more severely affected (6.0% sales in full, 6.7% 
of sales in part, and 7.6% of mortgage) showing that not only impoverishment but pauperiza- 
tion was widespread in this sector. The number of families in the group ‘non-cultivating 
owner’ is small, only 5.9% of the total; the majority is well off so that the proportion of 
families selling or mortgaging paddy land was low. The groups ‘agricultural labour’ and 
‘others’ had little of paddy land and naturally did not participate much in sales or mortgate. 


15. Considering the position by geographical regions it is seen that subdivisions 
in which families owned, on an average, less paddy land were more severely affected by the 
famine. Families owning less land were obliged to sell it more heavily which increased Ё urther 
the number in the lower economic levels. Mortgaging was also comparatively heavy among 
less favourably placed families. 

16. The most important point to note is that, during the famine, 2.6 lakhs of families 
(out of 65 lakhs owning paddy land) had totally lost their holdings and were thus reduced 
to the rank of landless labour. The famine transferred an appreciable number of families 
from the group ‘agriculture’ to ‘agriculture & labour’ and from ‘agriculture & labour’ to 


‘agricultural labour’ ; and thus accentuated inequalities in the distribution of paddy land 
in the province. 


17. Another fact is worth noting. Out of the total of 7.1 lakhs of acres of paddy 
land sold during the famine, only 2.9 lakhs of acre had been purchased back in the villages: 


Roughly 4.2 lakhs of acres of paddy land had thus passed to outsiders, possibly ‘non-cultivating 
owners' residing in urban areas. In ‘agriculture’, ‘non-cultivating ober and ‘others’ 
groups of families roughly half the land sold had been purchased back. But among ‘agricul 
ture & labour’ and ‘agricultural labour’ only about 10 per cent of the land sold have been 


replaced by purchase showing that net loss of paddy land was most severe in these two classes. 


18. Loss of plough cattle. Аз already noted, the total number of plough cattle of 
Bengal before the famine was just adequate or fell short of requirements for the cultivation 
of aman paddy, the main стор of the province. The net loss of plough cattle was about 10 
or 11 lakhs (about 13%) during the famine period which must seriously affect agricultural 
operations in future. Out of this, 9.4 lakhs (65%) were lost by sale, and 5 lakhs (or 35%) 
of cattle by death. Only about one-fourth of the loss (3.5 lakhs) ws тазга «и purchase. 
About 3 lakhs or 8.5% of families of rural Bengal had probably lost all the estilo they had 
фей the fomite making it difficult or practically impossible for them to carry on normal 
agricultural operations. y 

19. Sales of cattle largely exceeded purchases Showing that transfers had taken 


place not merely from one rural family to another, but that large purchases had been made 


by outsiders (possibly by contractors for the supply of meat for army consumption). 


20. The average number of plough cattle owned per family naturally decreased in 
all groups but the reduction was largest in ‘agriculture’ and ‘agriculture & labour, the two 
groups mainly concerned with cultivation. Even before the famine a considerable number 
of these families did not own any cattle ; their number increased. 


ae during the famine and 
further aggravated the cattle position. 
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AFTER-EFFECTS OF THE BENGAL FAMINE OF 1943 


21. E > " 
zl. conc "iorati i i 
Economic deterioration. It is possible to get some idea of economic deterioration 


by the number of families transferred from occupations at à higher economic level to occupa- 
sessed by such methods, it was found that about 7 lakhs of families: 
status with consequent decrease of earning 
size of the family the total number of 
as thus about. 38 lakhs. It must be 


cupational group has been 
been taken into 


tions at а lower level. 
in rural Bengal had suffered a lowering of economic 
I during the famine ; adopting 5.4 as the average 
sina ned pipa position had deteriorated wi 
esterno -— ш this method deterioration within each ос 
асери is, families retaining their occupational classification have not 

ation. 
ioration had occurred among families which 
oups ‘agriculture’ and ‘agriculture & labour’ 
t had been however propor- 


дә 
origi 32. [n actual numbers, heaviest deter 
ngimally be 
es ally belonged to the two oceupational gn 
owe > T S 7 . к, 
"nn d closely by rural ‘trade’ and ‘craft’. 
üonately ere: S Ns н 
ately greatest among families following rur 
23 10 E ч H + n 
23. Destitution. The rate of destitution (that is 


charity) w > 
sedi was 1.07% at the time of the 1931 Census ; the correspon 
ailable as relevant tables were Assuming that the rate had remained steady, 


Ee total number of destitutes (оп the basis of à rural population of 55.2 millions) would have 
een about 6.0 lakhs in January 1943. ‘The sample estimate was about 7.5 lakhs so that at 
Ше beginning of 1943 there had been ady an increase of 1.5 lakhs of destitute persons. 
з was а further increase of about 3.3 lakhs of destitutes between January 1943 and May 
he № At the normal rate of 1.07% the total number of destitute families in. May 1944 should 
ave been 6.0 lakhs. ‘The sample estimate WS 10.8 lakhs showing that 4.8 lakhs of persons 


hac Я ied А 
ad been rendered destitutes under wat and famine conditions in Bengal. 

4 H H 04* s 
| 24. Compared to the number of destitutes in January 1943 the lar 
ла e Н 2 si " ^ 5 
ad come during the famine period fr age groups. The proport 


Won M 5 s belonging to 
nen was greater than destitute men lults uu 
jous 506 


Impoverishmen 
al ‘trade’ and village ‘crafts’. 


, proportion of persons living on 
ding figure for 1941 is not 


not prepared. 


alreé 


gest proportion. 
om younger ion of destitute 
especially among àc the age-group 


jo-economic problem. 
ss labour) had contributed 


of importance Were 


ffected were trans- 
numbers 
‘craft’ 


15 to 5 
9 v0 € rears : " 
50 years which created à ser 


9x + ч 
25. In actual numbers, ‘agricultural 
х the famir 
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15 largest share of destitutes during ea 
or 4 E die : 
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port? > | * 7 {1 ru ) ir tota 
deb ‚ non-eultivating owner’ and ‘husking paddy’. Proportionately to in e à 
; : P / 
Most seriously affected were ‘fishing’ then ‘agricultural labour’, husking paddy › 
" la 8 S * Es 
and . E 


that is, landle 


labour” ( 
ps in order 


ne; other grou 


next in importance was 


"transport 

"Rae The chief cause of hh of earners, 
58 or unemployment of earners. : 

1; 27. It is worth noting that economic deterioration 

itia occupational groups in different ways. f 
destitution among the groups ‘agriculture ; 

‘agricultural labour’ and ‘others’. 


5 2. nral “Ere e 
tively more important in rural trade’, 


lab 1 1 

our'. “pp r "n canaf? while destitution W 

in t r' profession & service’, and craft? while ene 
ле groups ‘husking paddy’ and ‘fishing 


Evidently occu 


o some exten 
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ine condit: 


destitution was deat 
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28. Deteriorating conditions before the famine. Even in the pre-famine period (J anuary 
1939 to January 1943) the proportion of families suffering economic deterioration and word 
tution was much higher than the proportion who had improved their position. Abot 6.84% 
of families had suffered economic deterioration against 3.32% who had improved their econo- 
mic level while the position of 1.07% was not clear. This shows conclusively that economic 


‘deterioration had set in definitely in the pre-famine period and that the famine itself 
was its culmination. 


29. Accelerated changes during the famine. During the famine period, rates of change 


became more rapid. Improvement during the famine period was relatively twice as grant 
as that in the pre-famine period ; but this was set off by a three times greater rate of economic 
deterioration and twelve times greater rate of destitution. 
of accelerated economic changes. Improvement of economic conditions was also quicker 
but was restricted to a comparatively small number of families. Deterioration and destitu- 
tion were even more violently accelerated and were 
families. Roughly 85% of families, however, 
showing that a large degree of economic iner 


The famine period was thus one 


shared by a much larger number of 
succeeded in maintaining their status quo 
tia persisted even under famine conditions. 

30. General review. The general picture is thus clear. Certain areas were very 
1 8 І 


Seriously affected ; others to a moderate extent ; and still others only to a slight extent. This 
patchy nature of the incidence of famin 


e conditions indicates that large regional differences 
in economic conditions had existed even in normal times, and were further accentuated durin 
the famine. The poorer sections of the community, especially landless labour, fishermen 
and village craftsmen, were most severely affected and many were rendered destitutes ; the 
middle groups who had land of their own and other assets were naturally less vulnerable 
while the upper stratum remained immune 
evidence to show that economic deterioratio 


period ; a comparatively small number 
Е 


and sometimes even prospered. There is clear 
n on the whole had set in even in the pre-famine 
of families were improving their economie position 
while a far larger number were suffering from economie deterioration or destitution. During 


the famine period (January 1943 to May 1944) the whole process was greatly accelerated 
but the general nature of changes remained much the same. A small number of families 
improved their position while a much larger number were impoverished or rendered destitute. 
The famine of 1943 was thus not an 


accident like an earthquake but the culmination of eco- 
nomic changes which were going on even in normal times, 
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CHAPTER 1 : HISTORY OF THE SURVEY. 


INCEPTION OF THE ENQUIRY 
and various attempts were 


ll. Bengal w i 
engal was seriously affected by a famine in 1943 
B я 3 
Material re- 


made to gauge the i 

lating in аге еи of incidence, but mainly. on general impressions 

3 ле rural people was meagre even for the period before the fami 

of Pillage was > ы the effect of the famine simply did not exist. Asurvey ofa 1 ud 

i November мк e out by the Department of Anthropology of the University of NO 

K. p. ть ы 1943 and a note embodying the results was issued by Professor 

Pun qd vun Hawa of the Department, early in February 1944. This survey was 
1e principle of random sampling. With the extremely limited fub at 


his disposal Prof. Chatt 
. Chattopadhyay was naturally unable to do anything else than type studies 


on an 
extrem 
ely smi sei i i W. 
à nall scale ; no valid estimates for the province asa hole could possibly 


be 1 
> based 
on $ 
the above survey. 
hed P. С. Mahalanobis Hon 
; е y. 


9 

aedi "à Mesh 1944 K. P. Chattopadhyay approacl 

tical Diner iu m Statistical Institute, with the suggestion that a survey on proper statis- 

Survey dI be organised as early as possible. Tt was decided that an extensive sample 

cal guidance 3 out by the Indian Statistical Institute under the general techni- 

general plan of ‚ С. Mahalanobis with the collaboration of К. P. Chattopadhyay. The 

work was diseussed in March and April 1944 ; and the training of investi- 
would be advisable to 


gators 

в Was starte н 

Secure tarted almost immediately. It was felt, however, that it 
rk being done on an adequate scale. On 12 May 1944 


K. P. 
P. iG: Mahalanobis, wrote to the Revenue Depart- 
pointing out that the data collected by 


ее 
Ch eme funds to enable the wo 
Nattope М Е x я 

padhyay, in consulation with 


ment, 
( * 
$ » “Over: шүр of ч : 8 
a surye nment of Bengal for financial assistance, 
anning of relief and rehabilitation, and eliminate 
ne Relief Branch, Revenue 


wastage, » dea type would enable a better pl 
partment grant of Rs. 25000 was sancti 
le Indian 3 July 1944. The enquiry; 
Was started г atistical Institute, was expanded an 
at the end of July 1944. 


l3. Field 
"he general Field work was conducted under the 
i al plan of the survey was prepared in the Indian Statistical Institute 

Ram- 


meal а; . 

iie aui * ihe material was carried out nuder the guidance of P. C. Mahalanobis. 

9f the ‘ates зегј ea and Ambika Ghosh of the Indian Statistical Institute, who were 1n charge 

also -—. work, maintained liaison between the field and statistical branches ; they 
Sted in the training of field workers and the organisation of the field survey: 


PROGRESS OF 


the Famit 
ng carried out at the expense of 


on à provincial scale 


oned by 
which was þeir 
d the field survey 


f K. P. Chattopadhyay- 


direct guidance 0 
and the statis- 


^g SURVEY 
vestigations during the 


o complete the in 

ate of cost of the enquiry was prepared 

e whole of the field work would be 
this work 


rho would be able to do 
the middle of 


1. Y - 
4. Тһе original plan of field work was t 
1944. The estim 


hre 
em 
On + onths of May, June and July 
ated that th 


th 
А: summer vacation which beg 
еу Тһе delay in obtaining information а 
y upset the above plan. By the time Gover 
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received, it was already late in July. The services of student volunteers were no longer PM 
lable. It became necessary therefore to obtain suitable volunteers from other ОШ 
Contact was made with a number of organisations, and eventually the Bengal Pesci 
Kisan Sabha and certain local Congress organisations agreed to give the assistance of a ШШ. 
of workers ; 92 such volunteers were employed in different stages of the enquiry, the larges 
number having come from the B. P. К. Sabha. They were only given the expenses for = 
travel and board in addition to a small allowance to meet their out-of-pocket charges. hc 
place on record our grateful appreciation for the services rendered by these volunteers an 
for the financial assistance given by the Government of Bengal. -— 
1.6. The delay in receiving Government decision about assistance upset our origina 
programme in other respects also. Rains had already set in when Government orders a 
received. Journeys which could have been previously undertaken on foot or by pace 
had now to be carried out by boats in many districts. The period allotted for journeys had 
thus to be lengthened to twice and often four times the original period. This seriously ham- 
pared and delayed the field work, " 
17. The main cultivation operations of the year had also started from July. ae 
kept the agriculturists, who comprise the bulk of the rural population, extremely busy. ieee 
views had therefore to be spread over a longer period, delaying the progress still further. 
Finally, malaria set in from August and the field staff suffered acutely from this disease. 
No less than 80 of the investigators were attacked with malaria in the course of the surveys 
and about half of them had to drop out after doing a part of the work. Owing to these diffi- 
culties the field work had to be extended from the originally contemplated period of three 
months (May to July) to a little over six months from the end of July to the beginning of 
February, 1945. It was also not possible to take up the investigation of all the villages 


which it was originally intended to cover because it was neither feasible to obtain the ser me 

redeem н 8 
of voluntary workers for а much longer period nor to employ paid investigators for thi 
purpose. 


1.8. A third and still more im portant effect of the ] 
that the very much increased cost of travel, and the incre. 


the investigation over six months resulted in the funds available for field work being exhaus- 
ted before the total sample according to design coul 


d be surveyed. The Institute which, 
as would appear from subsequent paragraphs, had to meet, at least for the time being, a large 
part of the expenditure on statistical Work from its own resources, was not in а position to 
finance the additional field work without further assistance from ахан. 

1.9. The analysis of the material was carried out in the Indian Statistical Institute. 
Hollerith sorting and tabulating units belonging to the Institute were used for this purpose 


; ; s rors 
Е analysis but, diminished computational erro 
inherent in hand tabulation. 


T М nt was 
ate decision of Government W. 


E А ending 
ased cost involved in extento 


DELAS CAUSED BY LACK OF FUNDS 


1.10. As noted in para 1.7. the field enquiry was completed by the beginning of February 

dod А g 
1945, but the publication of the report has been delayed by more than one year. This has 
been mainly due to lack of funds. "The cost incurred for the field enquiry (including prelimi- 
nary expenses for the preparation of the design and printing of standard forms) was about 
$ 
ernment was Rs. 25,000 50 the 


itsel 
l analysis. The field work itse 


Rs. 19,000. The total grant received from the Bengal Goy 
a balance of only Rs. 6,000 was available for the statistica 
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had been earri 
carried out at the extremely low cost of only a little more than a rupee per family 


Schedule. This was = 
This was possible because a great deal of the work had been done by voluntary 


workers. 
Midnapore district and 


1.1 speci 
1. Specimen reports for two subdivisions (Tamluk in 
of Bengal on 22 February 


Tangail i 

ч yi exem district) were submitted to the Government 
t 945 respectively (immediately after the completion of the field work) with a 

form for future tabulations. Mr. J.N. Talukdar, I. C. S., 

) and Mr. Symonds discussed this preliminary 

11945. In aecordance with 


report е Relief and Rehabilitatio n 
>. C. Mahalanobis and K. P. Chattopadhyay on 18 Apri 
a full note on destitution (comprising 


1 to Government on 8 June 1945 with 
A 


statistical work by that time. 


thes , 

Vrbe and sape in the course of this discussion 
а — e 3 of the present report) was submittec 
ып d , з оуег Rs. 20,000 had been spent on the 

By this Pia 2 vimm for additional funds to complete the analysis of the whole material 
however race : я slukdar, who was taking а great deal of interest in the present enquiry: had 

: ‘ransferred, and for a long time there was no response from Government. 

work it was decided to carry 
Indian Statistical Institute. 
has been incorporated in the 
pulated. Properly analysed 
] such as indebtedness 


9 T] i ч А r 
1.12. in view of the importance and urgency of the 


5 analysis with the available resources of the 
s estimated that statistical work t value of Rs. 30,000 1 
present report. А great deal of material still remains to be ta 
of the major problems of rural Benga 
and, owner and share cultivation, comparative economie 
i ties, age and sex distribution of rural population, ete 
as also collected, but t 


o the 


исатай much light on some 
is ion to land, ownership of | 
Mal of different castes and communi 

al relating to deaths during the famine W: 


he Relief Department 


I. C. S., Director of Relief and 


did 
not want this information. 
hat the order of 14 


Beh: 138. Very recently we received from Mr. 8. K. Dey, 
Vehabilitation, a letter dated 25 March 1946 in which he pointed out t Е 
July 1944 sanctioning the grant had “embodied the request that the results of the enquiry 
be reported to Government not later than the 30th September 1944". Mr. Dey also pom 
Out, that as this had not been done the Relief Department did not feel s there Ware 
Чан x tment for further provision for this. 


E n 
grounds even “for approaching the Finance Depar 
s in 386 villages scat- 
t 1.14. Тһе present enquiry has соу zi A sg 
i over the whole province, and was carried. out to a very large extent, by 1 
Yelp. The cost in similar enquiries already undertaken ог proceeding in Bengal оп E к. 
Government varies from Rs. 10 or Ез. 12 to Rs. 20 or Rs. 25 pet family m ond i 
же to Government, if the present enquiry had been carried out in 15 usual way, 
н e 30th Se 
bs been any thing between two and four! es. The as x vs ER 
ied i i " rk wou 

n mentioned by us on the assumption that full sea e = 


than ei 
Completed by July. The Relief Department, pause 


artic: 
Particular statistical enquiry". 
zered nearly 16,000 famili 


ever, took mor 
pon D Fr appar оова the work to 
de the delay in 


= May to 14 July 1944) to sanction a grant in ai av explained, 
© completed according to the original schedule. Ав already XP 1 made it impossible 
receiving Government orders upset the whole programme newer pes г osition had been 
to finish the field survey before the setting in of the monsoon. i гау not fully 
expl ained to Government in November 1944 but our айу neat ^ the Institute f 
realised. In any case, in spite of repeated requests for funds to 
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proceed with the work, the Relief Department did not inform us until after 41 weeks (from 
8 June 1945 to 25 March 1946) that the present enquiry was not considered deserving of 
further financial support from the Government of Bengal. 


1.15..This report will give some idea of the kind of information which can be 
extracted from the material which was collected in the present enquiry. Аз already 
noted, a good deal of material still remains to be analysed. Wo were hoping that 
necessary financial help would be received from the Government of Bengal to enable us to 
complete the work. In view of the decision of the Revenue Department the report is being 
published in an incomplete form. The present report will, however, enable any one 
interested in the matter to judge whether enquiries of the present type have any value 
or not. 


ARRANGEMENT OF THE REPORT 


1.16. The whole report is divided into two parts : (1) Statistical, and (2) Rehabilita- 
tion. The first part prepared by P.C. Mahalanobis, Ramkrishna Mukherjea and Ambika Ghosh', 
deals with the statistical aspects of the subject and gives a purely factual 


and technical account 
of the results of the sample survey. 


i In this part suggestions from K. P. Chattapadhyay 
regarding tabutation and preparation of the report have been fre 


second part deals with various socio-economic problems created by the famine and 
necessary measures of rehabilitation, and has been prepared by K. P. Chattopadhyay 
and Ramkrishna Mukherjea?. Plans for rehabilitation given in the second part are based 
on the figures and results given in the statistical part. Tt must, however be clearly stated 


that the responsibility for the conclusions and views expressed in Parts 1 and 2 rests 
entirely оп their respective authors. 


ely incorporated. The 


I. The first part is printed in this Journal. 
2, The second part has not been printed in Sankhya. The tw * Е 
of а book on Famine and Rehabilitation in Bengal. 9 Рама ars being published in the form 
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CHAPTER 2: 818 
APTER 2: DESIGN AND PROGRESS OF THE SURVEY. 


DESIGN OF THE SURVEY 


ә 1 Е H 
24. Famine conditions i 2 
itions in 1943 had varied widely in different areas in Bengal Ап 
gal. А 


all-Beng, 

gal view cot 

«яй ild have bee i i 

stratifying Bengal int h vie been obtained either (1) by surveying all the subdivisions!, or(2) by 
8 0 a few classes aceording to the degree of incidence of famine conditions 

Obviously the first method would have 


and sti 5 
studying : 
ying a number of subdivisions in each class 
ass. 
But, owing to limited resources 


given tl 
8 le most preci 1 
uin money and precise estimates for the province as a whole 
i wt men, this c $ 
would have been ы 9 could not be attempted ; also the time taken to complete the enquiry 
1c d 
uch longer. It was therefore decided to adopt stratification by intensity 


of incid 
епсе as sth iw 4 
1 iwould make it possible to assess the extent of disintegration in the dis- 


tressed are; à 
l areas Е was the main purpose of the enquiry. 
T'he subdivisions in rural Bengal (86 in number) were classified by the Revenue 
lintensity of incidence; 12 were placed in Class I (most 
ünd 6 in Class ITT (sli ,12in Class П (b) (less severely affected) 
Very sligh tly af (slightly affected); the remaining 43 subdivisions were stated to have been 
subdivisions i = or not affected at all. 10 was decided to include in the survey all the 
s in Classes 1, П and Ш. А few of the remaining 43 subdivisions (which may 
yed as control to test the reliability of the classi- 
f villages were selected at random. These 
lass 1 (roughly 1.5% of the total number 
ss 11 (a) and Class II (b) (roughly 1% of 
of Class Ш (roughly 0.75% of the total 
IV (roughly 0 ‚5% of the total). 
ch of the selected village and first prepare 
families (but never less than 25 in 
Hage ; and each family in- 
and necessary 
d that family 


22 
Вы» 
рате 
ас according to the estimatec 
Чу affecte sae 4 

cted), 13 in Class Па) (moderately affected) 


6 referre 
Sete. Tn Class IV) were to be surve: 
Were of the — — selected subdivision a number 0 
of Villages) ; z er of 15 from each subdivision in C 
the total nu about 10 from each subdivision of Cla 

number) ; about 8 from each subdivision 


nump, 
ег); and : И 
; and about 5 from each selected subdivision of Class 


ted to visit eai 
0% of the 
dom in each vi 
d by the investigator 


It may be mentione 


9g 
a list к { Investigators were instruc 
Absolute ny resident families, A sample of 2 
cluded in Si was next to be picked up at ran 
entries mp sample was to be then directly interrogate 
Composition in standard schedules supplied to them. 

tion was ascertained by the genealogical method. 


5 EYED 

and jt cr The original design covered 478 villages in 43 subdivisions excluding class ТУ; 
ha Е A 

been intended also to include a few subdivisions from Class TV so as to include 

it was not possible to 


about 600 ү; 
ege villages in all. But, as already noted in p 
the work for lack of funds. The result was that the survey had to be closed down 
41 subdivisions including Class IV. 
d were 38 and 


after 

cM havi 

Excludin ng covered 15,769 families from 386 villages in 

| g Class IV, the total number of subdivisions and villages surveye ; 
ted in the original design. 


тез 5 
pectively, that is, 88% and 78% of t empla 


SAMPLE SURV: 


aragraph 1.7, 


he number cont 


1 

А; 

9 u admini 5 T 

d istrative unit coveri у $ 850 square miles. 

3 Sch р it covering an average area of abou q Ж al, 1944. 

In the zus for Relief and Rehabilitation in Bengal, Revenu n Government of ame kitchen 
present survey ‘family’ has bee the economic unit ta 


rmi с n defined аз 
nity with the definition of ‘occupic the Census 9 


n confo 
d house’ in 
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2.5. The following list gives the 86 subdivisions of rural Bengal arranged. according 
to the degree of incidence of famine conditions as classified by the Revenue Department. 
The number of villages included in the sample is shown within brackets in each case ; naturally 
no such number is given in the case of subdivisions excluded from the survey. 


TABLE 2.1. SUBDIVISIONS CLASSIFIED ACCORDING TO DEGREE OF INCIDENCE ОЕ 
FAMINE CONDITIONS AS CLASSIFIED IN A Scheme for Relief and Rehabilitation in Bengal 
(REVENUE DEPARTMENT, GOVERNMENT OF BENGAL 1944). 

The number within brackets shows the number of villages included in the sample 
in each сазе; no such number is given in the case of subdivisions excluded from the 
survey, 


Class I—Most severely affected. I. Arambagh (15), 2. Chandpur (6), 3. Chittagong (в)! (14), 
4. Contai (15), 5. Daimond Harbour (15), 6. Madaripur (14), 7. Manikganj (7), 8. Munshiganj (14). 
9. Nilphamari (14), 10. Noakhali (s) (10), 11. Tamluk (15), 12. 2 


2. 24-Parganas (s) (9). 
Class II(a)—Moderately affected. I. Barisal (s), 2. Bhola (10), 3. Coxbazar, 4. Dacca (s) (6). 


5. Feni (8), 6. Goalanda, 7. Kandi (3), 8. Midnapur (s) (10), 8. Narayanganj (10), 10. Satkhira (10). 
11. Serajganj (12), 12. Tangail (10) 13. Tipperah (s) (5). 


Class II(b) —Less severely affected. I. Bankura (s) (10), 2. Bishnupur (10), 3. Burdwan (s) (10), 
4. Faridpur (s) (9), 5. Gaibandha (10), 6. Ghatal (10), 7. Hooghly (s) (10), 8. Howrah (s) (10), 
9. Капа (5), 10. Kusthia (8), 11. Pabna (s) (9), 12. Uluberia (10). 


Class II—Slightly affected. I. Bogra (s) (4), 2. Brahmanbaria, 3. Gopalganj, 4. Kishore- 
ganj (8), 5. Kurigram (S), 6. Narail (8). 4 


Class IV—Very slightly or not affected. J. Alipur, 2. Asansol, 3. Bagherhat, 4. Balurghat, 
5. Bangram, 6. Barasat (5), 7. Barrackpore, 8. Basirhat, 9. Birbhum (s), 10. Chittagong Hill Tracts, 
11. Chuadanga, 12. Darjeeling (s), 13. Dinajpur (s), 14. Jalpaiguri (s), 15. Jamalpur, 16. Jangipur. 


17. Jessore (s), 18. Jhargram. 19. Jhinaidah, 20. Kalimpong, 21. Khulna(s) 22, Katwa, 23. Kurseong, 


24. Lalbagh, 25. Magura, 26. Maldah (в), 27. Meherpur (5), 28. Murshidabad (s), 29. Mymensingh(s): 


30. Nadia (s)(5), 31. Naogaon, 32. Natore, 33. Netrokona, 34. Patuakhali, 35. Perojpur, 36. Raj- 


shahi (в), 37. Ramgarh, 38. Rampurhat, 39. Ranaghat, 40. Rangpur (s), 41. Siliguri, 42. Serampore, 
43. Thakurgaon, 


2.6. The distribution of villages and subdivisions by.the I mE 


classification as included in the original design 
Table 2.2 


Revenue Departn 
à ‚чүү 
and as actually surveyed is shown below i 


2 
TABLE 2.2. NUMBER or SUBDIVISIONS AND VILLAGES SURVEYED 


(BY REVENUE DEPARTMENT CLASSIFICATION) 

Revenue - mr 
— . „чї 

in design surveyed in design surveyed 
(1) (2) (3) (4) (5) 

Class Т 12 12 180 148 
Class IT(a) 13 10 130 84 
Class II(b) 12 12 120 111 
Class ПТ 6 c 8 48 28 
Class IV 43 3 215 15 

total 86 41 693 386 

(s) indicates the Sadar subdivision of the district, or а 
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2.7. In any NEM С " d era 

j nie enquiry the quality of the primary material chiefly 
and on his ability to ascertain the requisite in- 
eeds in establishing contact and in 
viewed. It has been already 
e work from a sense 


depends 
: pends on the honesty of the investigator 
ormation which in i Rap 
en n which in its turn depends on how far he suce 
'oming the psy А н 
ig the psychological resistance of the persons inter 
of the investigators had taken up th 


of social di 
: ity ; their d 3 
у; their honesty of purpose could, therefore, be thoroughly depended upon. 
to Government officials. 


In Indi: А ? 

Mns af I -— _ as a rule is not over anxious to confide 

e ине ү jon pes ies had worked in relief and other organisations of social 

Staaten e ж 5 E contact had been established with villagers in many districts in. 
rk organised by the People's Relief Committee of which K. P. Chatto- 

ere therefore generally successful in winning 

non-official or- 

In some cases 


note wb 
ed that in the present enquiry most 


padhyay is the ‘Treasurer. The investigators w 
The fact that they were working for a 
) was a distinct advantage. 
d the interviewees to exaggerate their sufferings. During the 
cautioned against this bias, and the importance: 
impressed on their minds. 


2 confidence of the village people. 
нени bus not а Government, Department 
training шна, however, le 
» — i all the investigators had been 

ing correct facts for proper planning of rehabilitation was 


The use of 
ise of a standard family schedule reduced the possibility of pe 
hedules collected by the investigators were carefully scrutinized 


Biswapada Das Gupta, M.Sc., and later Gautam Shankar 
ate work in anthropology and had experience 
ry data under the direct supervision 
ality of the material can be gathered 
rcent of completed forms had 


rsonal errors. 


before being а piu E * 
Roy, МВ i put ug for analysis. 
of ae — of whom had done post gran | 
of K. P еа, were in charge of the checking of the prima 
from the e Some idea about he general qu 

‘act that, as a result of such serutiny, less than one pe 


to be rejected. 
ANALYSIS 

estitution, land transfer, 

ct of the element under 

This was done in order to obtain results. 

son, the total number of families studied 


ws some minor variations. For desti- 


TERIAL INOLUDED IN THE 
ar element (such аз d 


be faulty, in respe 


NATURE OF МА 
any particu 
suspected to 
cular analysis. 

For this rea 


ete.), fami During analysis of 
LL schedules which were 
eod iui pue rejected from that parti 
for di "e reliable material for each item. 

different elements is not always the same, and sho oH 
tution the total number of families included in the analysis is 15, 659; for land transfer it is 
15,640 ; for cattle loss 15 du and for of occupation 15,208. The total variation 
papse to affect seriously the 


an the sample is thus not more chan 2. 
arability of estimates in respect of different e 
Occupational GROUPING OF THE DATA | 
ў 2.10. Effect of the famine cannot be fully appreciated unless it is 
for different socio-economic sectors of the population. Family occupation 


adopted as the basis for classification. A family may: ver, qu 5 1 
mers of the family. In the pres family p 


осе i 
К upations of one or more ear 
e y 1 i hi 
ded defined as that particular occupation from which the gre 
income is derived. 
2.11. Agricultural occupati 


n А 
group ‘agriculture’ represents mainly ryats 
a share basis (barga) 


ow 

wn land or land taken on 

S Е ists 
econd group ‘agriculture & labour’ consists of 


change 
8%, and js not likely 


Jements. 


shown separately 
was therefore 


howe 
ent report, 
ater part of 


vided into four 


en sub-di 
) who actu 


jons have be! 
(peasan 
but who don 
persons W. 
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and or land taken on a share basis but also work from time to time as agricultural —— 

The third group ‘agricultural labour’ consists of labourers rae do not own any land dm. 
a negligible area. The fourth group ‘non-cultivating балаг is аас s и" i 
as № consists of joldars who own large arcas as well as widows and invalids so may be ны. 
to a different economic class but who are obliged to cultivate their land entirely by hirec 
labourers or on a share basis. 


2.12. "The other occupations need no special explanation as the usual Census classi- 
fication has been adopted. It should be noted, however, that the occupations under ‘public 
administration and facilities and liberal arts’ of the Се 
referred to in the report as ‘profession & service’, which in rural areas mainly consist of 
teachers in primary schools, unqualified doctors, priests, maulavis, petty clerks of the Union 
Board or village chowkidars, etc. 


nsus classification have all along been 


MULTIPLIERS FOR PROVINCIAL ESTIMATES 

2.13. For lack of time it was not possible to adopt the are: 

survey in which an unequivocal multiplier can be used to obt 
levant Census figures for the total number of familie 
cattle in rural Bengal (i.e. omitting urban 
estimates, 


a (or grid) method of sample 
ain provincial estimates. Re- 
8 (or persons) or the total number of plough 
areas) were therefore used to obtain provincial 
For such purposes, appropriate figures relating to the famine period were obtained 
by simple linear extrapolation from 1931 and 1941 Census data in regard to families or 
persons and 1930 and 1940 Census data in regard to plough cattle. In опе or two cases the 
sample distributions were themselves also used for purposes of estimation. 

UNRELIABILITY OF THE STRATIF 


2.14. It has been noted in praragraph 1.6 that the 
surveyed were 88% and 78% of the number in the 
according to design could not be covered, the total number surveyed is quite 1 
have given fairly reliable results provided the stratification had bee 
a first analysis of the material showed the Reve 
as much as the rate of incidence of famine con 
as found by the sample survey, did not tally with the official classifi 
seen from the following table 2.3 which gives the 


Lr : rates of destitution, land transfer, and cattle 
loss by classes of incidence according to the Revenue Department classification.5 


ICATION 

number of subdivisions and villages 
original design. Although the entire sample 
arge and should 
n correct, Unfortunately; 
nue Department, grouping to be unreliable in 


ditions in the different classes of subdivisions, 


cation. This can be 


TABLE 2.3. RATE OF DESTITUTI 


ON, LAND ТВАМЗЕ 
(ACCORDING то RR 


ER, AND CATTLE LOSS 
VENUE DEPARTME 


NT CLASSIFICATION). 


A o percentage of tota] families 

LU EC Tm 

(1) (2) (3) (4) 

Class I 4.5 10.6 2.6 

Class II(a) 34 10-0 TS 

Class ПЦ) 2.5 7.6 3.0 

Class III 34 11-9 3-7 

Class IV 4.8 ` 6.2 2.8 


5. ‘Economie deterioration’ was omitted from Table 2 


i ) 3 as the esi 
extent on a subjective interpretation of occupational data 


timates we o some 
Р £ т 
as noted in ap те based t 


pendix 4(А-1). 
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of ineidence in Class I regarding destitution and land 
Revenue Department ; the proportion 
at in all other classes. In respect 
in Class II(b). A still more 
f incidence in destitution, 


1 chat the high rate 
of families 8 with lou classification of the I 
of all three ii Lap pup їх, however, lower than thi 

s, rates in Class Ш are higher than. those 
а shows highest rates о 


Surprisi 
bit © . 

ш anomaly is seen in Class ГУ whicl 
although the subdivisions in this class were 


and qui 
]uite hi Я " 
considere 12 rates in the other two elements 
d Бу the Reve Е 
à Revenue. Department as having been unaffected by famine conditions. 
A Village s affected families had migrated to cities so that 
ger 
and yet, owing to the withdrawal of some of those 


Very fami 
mine conditions, à survey conducted in 1944 
This may to some extent 


215 
2,18. E К 
It is true that some of the worst 


т ght € ve been severely affected ; 
Might not в had been most hard hit by fa 
explain the di recessarily shown а servere degree of i 
Sample а Revenue Departme 

er that the field staff h 
ееп included in the sample 


neidence. 
nt classification and the results of the 
ad been instructed to note 
but which had become 
Not orly this ; subdivisions which were 
artment classifications were actually found to 

le survey. W'thdrawal of extinct fami- 
In any case, it is clear that during 
ent classification was not in 
is setback. For purposes of 
to be tried ; and finally that given by the 
found to be most in accord with the results 
later chapters), and all estimates in the 


s serepaney between the 
carefully the sect It "nues be stated howev 
extinct : the 5 = any family which had b 
Considered as ез p of such cases were small. 
e appreciah! ot affected in the Revenue Dep 
lies с iy or even severely affected by the samp 
of discrepancy. 

Revenue Departm 
This was a seriou 


an not nosst 
the period Possibly explain this type 
cover х 
accord wi Overed by the sample survey the 
9 with the > 


ез real situation in the country" 


ation, « 
х other жа, Я е 
irector of e r classifications had therefore 
of the "ови, ndustries was adopted’. This was 
s e 
Present po ple survey (as will be seen from iha 
ort are , bus 
port are therefore based on this classification. 
e 2.4 gives the 86 subd 
of famine conditions as € 
2.1, the number of vill 
umber is given и 


ivisions of rural Bengal arranged 
lassified by the Director of 
ages included in the sample 
1 the case of subdivisions 


2.16. The f 
according „ Тһе following tabl 
Ndustrie, еч the degree of incidence 
: 8 я 
3S shown a ernment of Bengal. Asin table 
VI 1 5 
excluded f thin brackets in each case ; по such n 
from the survey 
Ta ‘i 
Conny, PLE 2.4. $ БЕ OF INCIDENCE OF FAMINE. 
b 2.4. SUBDIVISIONS А :GED ACCORDING TO DEGR: NCE 
ONSET i of Bengals Rural & Industrial Economy 


ITIONS 
m s RD E 
(bra IN А plea for the Rehabilitation 


RTME 
5), 4. Contai (15), 


бл ie OF INDUSTRIES). 
1 wa н H Y Y it 
асса (в (Very severel, ] у baria, 2. Chandpur (6), . Comilla ( : 
11. Wee (6), 6. severely affected) Y, 15. J. Raridpur(s) (9), 8. Feni (8), 9- Goalanda, 10. Madaripur (4 , 
DIS hU ea (10) 13. Narayanganj (10). 14. Noakhali (s) (10), 15. Ede 
Mong (s) (1 ' ї сћагдапј lurghat, 4. Bhola (10), 5. Bongaon, 
5) (14) .ag в. d = Вааай), ав, 5o. Kandi 1 11. Khulna (в), 
i 16. Natore, 17. Notrokona, 


hitta, 
tagong (s) (14), 7. Jamalpur, 8. Jessore (в), 9.5 Waal И 
), 15. Мага S nig (10), 23. Serajggm (12), 


i Й 
2, 
l “sho; > 
24 Nülphamari (8), 13. Magura, 14. Mymensingh en 
‘angail Qu (14), 19. Pabna (s) (9), 20. Patuaxhali, 21. Pirojpurs 
0) 0), 25. Uluberia (10). 
5. К° C. 1 (Parti ipor 
rtially affected) 1. Alipore, 


urs, 3 
cong, 6. Siliguri. 


2. Darjeeling (в), 3. Jalpaiguri ( ® Kalimpong» 


Bankura (8) (10), e 
huadang sro wrah(s)(10) 


Class 9 s 

Poro, 6. Dasi (Slightly affected) 1. Arambagh (15), 2, Asansol, 3- 10. Chu 

;nsirhat, 7. Bishnupur (10), 8. Bogra(s) (4). 9. Burdwan (s) om Һу (8)(20), ITO h. 
hatal(10), 18. Gopalgan? D 00, ly пева (8), 25: Lalbagh, 


ig Dina 

a Tangipur, e 1З. Gaibanadha(10); 14. G 22. Kurig! à 

25, "pibus 19, Jhargram, 20. Kalna (8). 2D бра 2h) 25 dabas a 8 : 
(в), 26. Meherpur (5), 27. Midnapore, @ (10) 25 g Ranaghat, 35. Rangamatl. 


36. Rao 3 
R gaon, 31. Rajshahi (в), 32. Rampurhat, 22 540 (9). Aa 
rgaon 40. ^ — 


— ап x 

6. == Epur (s), 37. Serampore, 38. Suri. 39. Thaku 

as t neide: ЗЕРЕ лы an be hig! 

7. hese , ally this shows that reports collected through the district officers © ү Industries): 
s of a few officials. 1044 (Department 0 


А руте oft А 
Р ten based on the subjective impression 


ea H 
Jor the Rehabilitation of Bengals Rural an Industrial Econ 
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2.17. The distribution of villages and subdivisions by the Industries Department 

ES B ave been 
classification has been shown in table 2.5 separately for the number intended to have bee 
covered in the original design and the number which was actually surveyed. 


TABLE 2.5. NUMBER OF SUBDIVISIONS AND VILLAGES INCLUDED IN THE SURVEY 
(ву [INDUSTRIES DEPARTMENT CLASSIFICATION). 


Industries subdivisions villages 

Department — 2 

classification in design surveyed in design surveyed 

a) (2) (3) (4) (5) 

Class А 15 13 925 134 
Class В 25 11 250 108 
Class С 46 17 248 144 
total ‚86 41 723 386 


According to the present classification the number of subdivisions surveyed is 13 out of 19 
in Class (A), 11 out of 25 in Class (B), and 17 out of 46 in Classes (C-1) апа (С-2) which ligge 
been pooled together to give one single Class (C). The number of villages surveyed is 134 in 
Class (A), 108 in class (B), and 144 in class (C). 


2.18. The accompanying sketch map of Bengal shows the subdivisions hatched 
according to degree of incidence of famine conditions (Industries Department classification): 
‘The intensity of sampling is shown by stars; а single star (*) indicates that from poo 
villages were included in the survey ; two stars (**) that from 6 to 10 and three stars oit. 
that from 11 to 15 villages were so included. A list of the names of subdivisions according 
to the serial numbers on the map is given iv Table 2.6. The 
the number of families covered in the survey are 


It will be noticed that the middle belt and eastern regions of the province 


adequately covered in the survey ; considerable portions of North and West Bengal had be 
however, excluded. i 


8 4117 3 and 
actual number of villages * 


ivision- 

also shown against each subdivis! 
: were 
en, 


LIMITATIONS OF THE DATA 


2.19. Itis obvious from the design of the survey that estimates for Classes (A) and 
(B) would be fairly reliable as the number of subdivisions included in the sample from iden 
two strata cover a good proportion of the subdivisions. For Class (C), the number © 
subdivisions covered is however comparatively small and the cA ar Hot adequately 
covered and the sub-divisions were also not selected strictly on a random Bit As already 
noticed, there are considerable gaps in the north and the west of the provin. Estimates 


for Class (C) must be therefore necessarily less reliable. The all- Bengal estimates would 
also be affected because of this weakness in the design in regard to ie (C) 


s a Ei this oa les has been considered advisable to give separate estin з 

or the subdivisions included in the survey TI ч 5 à ч hav! 
li y. 1e margin of error of : estimates ^ 

argin of error of such es «и 


been calculated in the case of important items апа are reasonably small. In any case, 
problem of rehabilitation being essentially that of the affected к the 
present survey are likely to give sufficiently reliable inform: Bee 
Estimates for the province as a whole have been also given, In i f the fact that 4 1 out o 
86 subdivisions or nearly half the province had been "ibant -— pc proba 
give а fairly good dimensional idea of the actual Situation, „these j 


nates 


n 
areas, results based o! 
A А ро 
ation for many practical purp 
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gut nari 1 OF PROVINCIAL ESTIMATES 
he accuracy of the provincial estimates made in this report: 
her sume heresi Pe c: on n present sample survey with estimates 
à ys. As already explained, in the present report the provin- 
ed on the family a$ the unit. Thus table 2.7 below gives the 
acreage of paddy land in rural Bengal 
d mean acreage of 


can be obtai i 
an be obtained by comparmg the resu 


cial estimates are mostly bas 
estimated total number of plot 


in April 1943 as caleulated from the 
ly in the sample ( 
ustries Departmen 


igh cattle and the total 
er of plough cattle an 


with appropriate weightage in accordance with 


t classification). 


mean numb 


paddy land owned per fami 


the strati $ 

he stratification by the Ind 

NUMBER (IN LAKHS?) OF PLOUGH CATTLE AND PADDY LAND 
INED FROM THE SURVEY WITH 


APRIL 1943 OBTA: 
NT CLASSIFICATION. 


n 

Г. р 

ABLE 2.7. ESTIMATED TOTAL 
NGAL IN £ 


IN RURAL ВЕ 


(IN LAKHS OF ACRES) 
WEIGHTAGE BASED ох [NDUSTRIES DEPARTME 
„Тайная total number mean value per family in Aprill 943 estimates in Jakhs in April 1943: 
ЙЛЫ; Секта of families in — — 
ssification January 194 plough paddy land plough paddy land 
(in lakhs) cattle in acres cattle in seres 

(3) (4) (5) (6) 
0-58 1.74 15:02 45-07 
0.78 1:91 26-44 64-75 
0-88 1:80 37-49 16-68 
0.77 1:82 18:95 186-50 


otal number of plough cattle 
Extrapolating from the cattle 


alculated number of plough 
6.2 of the 


estmate is 


Rural Bengal 
13 seen that the t 


From the bottom row of col. (5) it 
in rural Bengal in April 1943 was about 79 lakhs. 
Census figures of 1930 (09.89 lakhs) and 1940 (86.99 lakhs) the ¢ 
cattle in rural Bengal it the beginning of 1943 is found to be about 83 lakbs (para 


present report). The difference between the extrapolated value and the sample 
about 4 lakhs or about 5% of the estimate pased on the cattle census. 

(6) the tot paddy land in rural Bengal is found to be 
1943 according mple survey: The total area under 


about 187 lakhs of es in + wil 

aman paddy эме crop) as given in t timate of D» Agricultural De- 

р of Bengal was 1942-43. According to the 
7 stitute, the area sown with aman paddy 

.44 in the season immedia- 

and 212 lakhs 


al area of 
to the зат 
he official es 
f acres in 


2.22. Again from col. 


er — 8 
op survey carried out by the 
in of error of 1 


was about 240 lakhs of acre (with a margin 0 

tely following the famine about 222 Jakhs of acre in 1944-45 one year later, 

of acre in 1945-46 ; the effective margin of error in both the latter cases being of the order of 

| ing to the abnormal increase in the price of rice during the 
t about by sowing 


which was brough 


inder paddy 
is not normally cultivated. 


3% or 3 
Уо ог 4%. It is known that owing 
chich paddy 

ke exact 


jnereas 


fami as g 
mine there was & large 
ther 


pa = 
paddy on marginal, fallow or 9 


2.23. Ambiguities in the 


e "S Son 
omparisons difficult. In Bengal t 
8 comprising 


in, 
g about 77% and (monsoon) at 
т sum 


] quantity of boro О 
nt of paddy 


permuta a very smal 
[n 

ten grown on the same land. 
ar : à 

rea on which either ог both aman or 


fluetuations in the amount of land on W ich 1 
p par ly & 
there оге, 


е 

xtent on the amount an 

co 242 è 
mmodities and other economic 


8. I Jakh=100,000=0 -1 million. 
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TABLE 2:6 LIST OF SUBDIVISIONS ACCORDING TO SERIAL NUMBERS ON THE MAP WITH 
INTENSITY OF SAMPLING AND NUMBER OF VILLAGES AND FAMILIES INCLUDED 
IN THE SURVEY IN EACH SUBDIVISION. 


inten- number inten- number 
н sity of surveyed : sity of surveyed 
subdivision н samp- ————————2 subdivision samp- | ———— —— 
ling village family ling village famiy 
1. Darjeeling (s) = — — 44. Meherpur * 5 165 
3. Kalimpong — — — 45. Chuadanga — — — 
3. Kurseong — — — 46. Nadia (s) | * 5 154 
4. Siliguri = — — 47. Ranaghat — == 
5. Alipur Duars == — — 48. Barrackpore — = == 
6. Jalpaiguri (s) 49. Barasat * 5 146 
7. Nilphamari оа 14 980 50. Diamond-Harbour ane 15 543 
8. Kurigram ** 8 281 51. 24.Parganas (s) жж 9 322 
9. Gaibandha * 10 450 52. Basirhat x ыы = 
10. Rangpur (s) — — — 53. Bangram — = x: 
11. Thakurgaon — — — 54. Jhinaidah — гы 7 
12. Dinajpur (s) — — — 55. Magura — = se 
13. Balurghat = = — 56. Narail жж 8 929 
14. Bogra (s) 5 4 121 57. Jessore (s) — — = 
15. Sirajganj MX 12 290 58. Satkhira 9% 10 
16. Pabna (s) se 9 238 59. Khulna (s) — — — 
17. Natore == == — 60. Bagherhat = ыы = 
18. Rajshahi (s) — — — 61. Perojpur — — — 


19. Naogaon — — — 62. Patualchali 


20. Maldah (s) — — — 63. Bhola n 10 185 
31. Rampurhat E — — 64. Barisal (s) = = — 
32, Birbhum (s) = — — 65. Madaripur Ane 14 370 
23. Katwa = = — 66. Gopalganj — — — 
24. Kalna $ 6 120 67. Fatidpur (в) жа 9 372 
95. Burdwan (s) * 10 350 68. Goalundo = Sa — 
26. Asansol — — — 69. Manikaganj *. 10 187 
27. Bishnupur = 10 320 70. Munshiganj ж 1 633 
28, Bankura (8) pi 10 264 71. Narayanganj жж 10 360 
29. Jhargram = == — 72. Dacca (s) жж 6 167 
30. Midnapur (в) = 10 254 13. Tangail же 10 365 
31. Contai sss 15 52} 74. Jamalpur — == 
32. Tamluk hd 15 599 75. Mymensingh (s) эө E — 
33. Ghatal ** 10 353 75. Netrokona — = 

34. Ulubaria ж 10 384 77. Kishorgunj * ES 988 
35. Howrah (s) = 10 405 78. Brahmanbaria zi E: ps 
36. Arambagh Бы 15 435 79. Tippera (s) * 5 122 
37. Serampore — = — 80. Chandpur жж 6 240 
38. Hooghly (s) $53 10 42 81. Noakhali (s) жа 10 773 
30. Jhghgipur = = — 82. Feni - 2 dud 
40. Lalbagh — — — 83. Chittagong (8) E 14 1931 
41. Kandi * 3 149 84. Cox’s Bazar тз — — 
42. Murshidabad (в) = — — 85. Ramgarh = ves == 
43. Кива жж 8 284 86. Rangamati =. EA = 

(a) indicates the Sadar subdivision of the district. 55 | 
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means the land on which paddy can be grown in norma! years, and would not include marginal 
land on which paddy can be grown only in exceptional years of very good rainfall. The 
sample estimate of 186 lakhs of acre in the year previous to the famine is thus not inconsistent 
with other available estimates. 


2.24. One further point deserves mention in the present connexion. From cols. 
(3) and (4) of table 2.7 it is seen that the average number of plough cattle or acres of paddy 
land owned per family were lower in Class (A)subdivisions which were more severely affected 
by the famine than in Class (B) or Class (C) subdivisions. This is, of course, just what 
is to be expected. Subdivisions in which rural families owned less plough cattle ог less 
paddy land were obviously more vulnerable to famine conditions. It would be also remem 
bered that subdivisions which were believed to have been less affected Ьу the famine had 
been to a large extent left out of the sampling scheme. Regions which were omitted were 
thus less susceptible to the famine. Tt is likely, therefore, that these were the regions in 
which families had owned, on an average, a larger number of plough cattle or 9 larger 
amount of paddy land. Omission of such regions would lower the calculated averages of 
plough cattle and paddy land per family. On this view, the present provincial estimates of 
total plough cattle and total paddy land are likely to be underestimates. 

2.25. Another comparison is possible, namely, between the age distribution of the 
population by sexes in the present sample and the corresponding distribution for the Census 
population of 1931 (this because age-tables for 1941 were not calculated and are not available). 
The age distribution of the population in the sample shows a definite and comparatively large 
excess of persons of both sexes below 20 years of age in comparison with census figures of 1931. 
This may have arisen to some extent by the emigration of adults from rural to urban areas 
caused partly by а phenomenal increase in the demand for both skilled and unskilled labour 
in various kinds of work connected with the war, and partly by the growing economic distress 
in rural areas during the famine period. It is, however, not possible to state whether the 
observed excess ks young persons below 20 years of age can be adequately explained py the 
two factors mentioned above, or the sample figures are subject to unknown errors. 


MARGIN OF ERROR 

2.26. The margin of error of provincial or other estimates has been calculated from 
the sample material in a number of cases to which reference has been made at appropriate 
places. For convenience of reference, it may be stated here that for the rate of destitution in 
May 1944 (percentage of total families destitute) the estimated value is 3.35% with a standard 
error of 0.16% (Table 3.1) or a percentage margin of error? of 4 8% : б ой value 
of the percentage of families selling paddy land between April 1943 ea A xil 1944 is 9.0% 
with а standard error of 0.27 % (Table 5.4) or a margin of error of 3% : and в estimate 
value of the percentage of families mortgaging paddy land between A xl 19 43 and April 1944 
is 6.3% with a standard error of 0.24% (Table 5.5) or with а mar са f е -of 3 8%. 
will he noticed that the margin of error of provincial estimates Se Е 35 to 4.8% ane 
is quite small. Estimates for smaller units (like the district ex a i pus } doni ul be: 
of course, higher. But, on the whole, the results of the sample —— б котките estimate? 
for the 41 subdivision covered in the survey) supply a farily m. son of economi? 
conditions after the famine of 1943; this, of course, within d utm of sampling 
fluctuation in respect of all the results discussed in the present report 


— p 


о: ПРЕ и 


(9) Standard error of the mean is expressed as a percentage of the mean value! tself. 
| tselt. 
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CHAPTER 3. DESTITUTION 
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ABLE 3.1. NUMBER AND PROPORTION OF FAMILIES LIVING ON CHARITY 
IN January 1943 AND ix May 1944 
destitute families living on charity 
= — — 
number surveyed percentage of total number of families 
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ү otal totalin change between total in net totalin change between totalin net 
umber January January 1943 May increase January January 1943 May increase 
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surveyed ee and 355 anch 
increase decrease May 1944 increase decrease May 1944 
a ‹ 5 2 
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ты = (11) of the table indic: 

the estin efore and after the famine W ere 2. 

With a ct rate of destitution in May 

which м тре error of +0.16 only- (Thi 

tota] ee — extinct and were 1 
mber of such families coulc 


3. 
ithe 3 It will be noticed from col.(12 
proportion of destitute families И 


in ¢ 
he same pattern as in 1944. 


rat 3.4. Proportion of destitute P 
€ of destitution by persons b before and a 


6 


730% 


pis of course, lee 
d by the survey H 


not covere 
en very large). 


not have be 


зай classe 


rates of destitution by 
. Col.(11) shows that 

ape was 8.35 90. 
ration families 
а, the 


reciable increase in 


1943 and 


an ge 
January 9 
4.92% 


"dne Col. (11) shows that the proportion © v dos 1 | 
th rest in Class(A) ; 3-21% in Class( B); and 2. 0 i Ties d ишу i 
б scheme of classification. Tt will be also noticed fr col. (8) 9 n 
in milies were originally arranged in exactly the same order in ne 2 E pius s E 
he parallel grading a January 1943 and 1 May 1 1944р abl wr 1 8 eds 

9f 1943 adverse conditions created by Y ат had alrea fected 
able 3 2, shows the 


А г STATISTICS Parr 4 
Vou. 7 ] SANKHYA: THE INDIAN JOURNAL OF STATISTICS I Par 


TABLE 3.2. NUMBER AND PROPORTION OF DESTITUTE PERSONS LIVING ON CHARITY IN 


Janvary 1943 anp IN May 1944 AND CHANGE BETWEEN JANUARY 1943 лхо May 19H. 


destitute persons living on charity 


tal - nat 
de number surveyed percentage of total number of pe dis 
id z 2 i between total net 
persons total in change between total net total in change betw cen. A ies ab 
class surveyed January January 1943 in May increase January January 1943 in M ау 8 
2 194 апа 1944 between 1943 and 1944 Jan. 1943 
May 1944 Jan. 1943 May 1944 dem Т 
„ E and ‚ 1944 
inerease decrease May 1944 May 1 
2 
(1) (2) (3) (4) (Ё (б) (7) (8) (9) (10) (11) (12) 
Class A 27073 454 478 12 820 360 1.08 1-6 041 3:03 1:35 
а 22 
Claes B 31452 427 216 146 197 70 1.36 0-68 0 46 1:58 0:2 
"T 44 
Class С 21954 240 118 17 341 101 1.09 0.52 0:08 1-53 04 
mud et o5 000 
Bengal 80479 1121 812 275 1658 537 1.35 0-90 0-30 1:95 


Weights used for the provincial estimates are the total population in January 1943 in each class as 

found by extrapolation of the figures of Census of 1931 and 1941. 

Cols.(8) and (11) of the table indicate that estimated provincial rates of destitution by persons 
before and after the famine were 1.35% and 1.95% respectively. Col. (12) of the table shows 
that, as in the case of destitute families in table 8.1 there was an appreciable increase in the 
proportion of destitute persons in all classes of subdivisions between January 1943 and May 
1944. Col. (11) of table 3.2 shows similar features to the corresponding column of table 3.1 
indicating broad agreement in the classification. 


3.5. Adverse conditions in Bengal since the end of 1942. It will be noticed from 


col. (8) of tables 3.1 and 3.2 that the proportions of destitute families and persons in January 


1943 were in broad agreement with the present classification. Adverse conditions had ар- 


parently already set in by the end of 1942. This is corroborated by the fact that the propor- 
tion of destitute persons in January 1943, as estimated by the present sample survey, was 
1.35% against a general average of 1.07% of persons living on charity in 1931 as given in the 
Census Report (the figure for 1941 is not available). А 


9:6; Total number of destitutes before and after famine. Table 3.3 gives the estimated 
number of destitute families and persons in January 1943 and May 1944 


"TABLE 3.3. ESTIMATED NUMBER (IN LAKHS) or 


DESTITUTE FAMILIES PERSONS 
IN RURAL BENGAL MILIES AND PEH 


IN January 1943 AND May 1944. 


estimated number in lakhs of destitutes 
з m 


class families m. 
1 Eon ie Te M ud May change er 5 
May 1944 1944 yc 
(1) (2) (3) (4) (5) " 5 
Class А 0 1.27 0-51 я iom * 
Class B 0:83 1:09 0-26 2.68 —_ v 
Class C 0-81 1-11 0.30 2.97 бле е аб 
rural Bengal 2-40 3:47 1-07 7-45 iste 5-8 


It will be noticed from cols. (2) and (5) of table 3.3 that at the beginning of 1943 roughly 


358 


AFTER-EFFECTS OF THE BENGAL FAMINE OF 1943 


khs of persons were destitutes. Cols. 
.5 lakhs of destitute families 
hs of families com- 


about 2.4 lak "P 

2.4 lakhs of families comprising about 7.5 la 

had inereased to roughly 3 
That is, about 1,1 lak! 

‘owing to the famine of 1943. 

ons in Bengal . Tf we assume that 


31 had remained steady, and might 
persons (on the basis 


3) а ; 
ET (6) show that these numbers 
and 10.8 lakhs of desti 
vd S lakhs of destitute persons in May 1944. 
sing 3.3 lakhs of P 
g 3.3 lakhs of persons had become destitute 


tis na E Io war and famine conditi 
portion of 1.07% of destitute persons in 19: 

then the number of destitute 

beginning of 1943) should have been about 6.0 
r was about 7.5 lakhs; it seems therefore, 
an increase of 1.5 lakhs of destitute 


3 lakhs of destitute persons between January 
оу the normal number in May 


estitution of 1.07%; 
was about 10.8 lakhs showing 


er war and famine conditions 


o. — be баарай as a ‘normal rate’ 
lakhs 1 ро of 55.2 millions! at the 
that at cor — А The estimated numbe 
persons, vohis. diet: of 1943 there had been already 
1943 and cip Ede a further inerease of about 3. 
1944 -— a A At the normal rate of d 
that шы ыа ae um 6.0 lakhs ; the 
in Bengal. у 4.8 lakhs of people had become destitute 


estimated figure 
s und 


Mates К.Ж... бй а of the destitutes before and after famine. Table 3.4 gives the esti- 
the famine п see persons in January 1943 and May 1944 and the new destitutes created by 
ч 1 the intervening period by age and sex. 
ABLE : 
AGE hon " ESTIMATED NUMBER (IN LAKHS) OF DESTITUTE PERSONS IN RURAL BENGAL BY 
x IN January 1943 AND IN. MAY 1944 AND THE NUMBER or NEW DESTITUTES 
1943 Nb Max 1944. 


BETWEEN JANUARY 
number of new 


estimated number of destitute persons estimated п of no 
i gronp January 1943 May 1944 e 
E Pom femalo total male female total male p m 
0— 5 e (3) (4) (5) (6) (7) e A я 
НТ 0-31 0:58 0.60 0.50 110 0:33 0.19 
kun 18h jo; 2o 39 3 6 Заа 05 oon, 120 
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3.10. Classification of destitutes by occupational groups before famine. The number 
of destitute families and persons in the subdivisions surveyed living on charity in May 1944 
and classified by family occupation in January 1943 is given in table 3.5. Because of the manner 
in which this table has been formed, the number of families and persons given in cach occu- 
pational class (except, of course, in the group living on charity) actually show the number of 
new destitutes, that is, the number of families or persons who became destitute between 
January 1943 and May 1944. 


TABLE 3.5. ESTIMATED TOTAL NUMBER (IN LAKHS) OF DESTITUTE FAMILIES AND PERSONS 
BY OCCUPATIONAL GROUPS AS IN JANUARY 1043. 


destitutes living on charity in May, 1944 


АН number surveyed percentage of total estimated mumbo 
families persons families persons Families persons i 
(1) (2) (3) (4) (5) (6) 7) 

agriculture 41 126 7:3 S4 0-25 0.90 
agriculture & labour 23 78 4-1 4-5 0-14 0-49 
agricultural labour 82 256 14-7 18-5 0-51 1:99 
non-cultivating owner 10 34 1:8 2.5 0:06 0-27 
husking paddy 8 13 ld 0-6 0-05 0:06 
fishing 17 71 34 4-2 0-11 0 45 
rer А ЖИ 22 78 3-9 5 2 0-14 0.56 
transport 3 11 0-5 0-7 0:02 0:03 
trade 14 46 2.5 3-7 0:09 0-40 
profession & service 15 72 2.7 PEST 0-09 0.44 
non-agricultural labour 3 11 0-5 1-0 0:02 0.11 
other productive occupations 6 14 lel 13 0-04 0-14 
living on charity in January 1943 316 848 56-4 5-2 0 4-87 
tota 560 1658 100-0 1 E н = 10-76 


Tt will be noticed from col. (7) of the table that ‘agricultural 1 
share (about 2 lakhs) of destitutes ; ‘agriculture’ contributed 90,000: and ‘agriculture & 
labour’ 49,000. The total share of all agricultural occupations vua nis : in I = i 3,05 000 
of destitutes. ‘Crafts’ contributed 56,000; while ‘fishing’ and оао кы pee gen БОШ 
tributed about 45,000 ; ‘trade’ also had quite a good share, namely. 40 000 и В рау” 
2 3 ё 3 Е Ж Y, 20, ; SHINS р s 

м 4 дү non-agricultural W on the other hand each contributed only about 


abour' contributed the largest 


\, rative 1: joy pr . 
3.11. Comparative incidence in ihe occupational groups. The above figures, however, 
do not show comparative rates of incidence in different oceupatior » : 
vation: 


8 h al groups. Thus the large 
number of destitutes from agricultural groups. “Theos 3 


groups compared to the meag fishing" 

re number from ‘fishing 
apparently suggests that the latter group was less affected. But this might not have been 80 
infact. The total population in agricultural groups is large while the total number having 


fishing as their occupation is very small, so that the actual number of destitutes in agricultu- 
ral groups may be easily large even when the severity of famine conditions is endl greater 
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t sent sample 'Orres i i а 
1 A and coros ponding proportions of families turned destitute between 
Ja y 943 anc May 1944 in each o cupational group. 
TABLE 3.6 VELAT T 5' Mav 1944 то THE 
ABLE 3.6. VELATIVE PROPORTION ? 
PROPORTION OF E. BROS ION OF FAMILIES DESTITUTE IN MAY S 
TION OF FAMILIES WITHIN EACH OCCUPATIONAL GROUP AS IN January 1943 


proportion of families 


oceupat ional groups as А 
in January 1943 “ e destitute index of 
pec d 19975 destitution 
January 1943 ы 200 док 3) 
A col. (2) 
m (2) (3) (4) 
agriculture 
32-67 7-3 Ev 
agriculture & labour 16.75 ^s 24 
agricultural labour 16-52 14-7 89 
non-cultivating owner 5-99 1:8 30 
husking paddy 1-78 1-4 79 
fishing 1:39 3-1 223 
craft 5-06 3.9 77 
transport 0.67 0.5 75 
trade 6-71 2.5 37 
profession & service 6.77 2-7 40 
non-agricultural labour 0.98 0:5 51 
other productive occupations 243 11 52 
living on charity in January 1943 2-58 50:4 Ex 
total 100 0 100 00 ES 
Ti See 25:59 ^os included in the survey had 
а is seen from col. (2) of this table that 32.67% of a 1 tage share of destitutes 
agriculture’ as their occupation in January 1943, while the porn R at he 
: as 8 G). 
in May 1944 contributed by the ‘agriculture’ group Was и 7.3% as а percentage of 
relative proportion or index of destitution, obtained bY di s 120 contributed only 1.39% 
32.67%, is thus 22 as shown in col.(4). In the same bs: mer ‚ the relative contribution of 
21; jtute 3 
of total families but no less than 3.1% of destit 3 Col. (4) of the table shows that 
ae number of destitution is thus 223 which 18 9 5 Sinai of destitution, i.e. of serverity 
* i „easing Or * 
lie Occupational groups arranged in a decr Kos labour (89), (3) husking paddy (79), (4) craft 
of incidence were, (1) fishing (223), (2) ас? ноп. . 
(77), (5) transport (75) and then the remaining °° | NC 
$ er famine. Table 3.7 gives the distributio 
estitution before and аў of destitute families (classified as dead, 
e of destitution. 


3.12. Cause of d 
i earners 
condition C indicates t 


of destitute persons by the du 
€migrated, invalid or unemployed) and th 
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"mpABLE 3.7. PERSONS LIVING ON CHARITY ІХ MAY 1944 WITH PRODUCTIVE OR UNPRODUCTIVE 
OCCUPATIONS IN JANUARY 1943 BY CAUSE OF DESTITUTION, 1.6. CONDITION OF PARENTS & EARNERS 


persons living оп charity in May 1944 with oceupations in January 1943 


percentage of total estimated total number 
number surveyed number of destitute (in lakhs) 
condition of living on with living on with 17 = with ў 
earners charity productive total charity productive charity productive t otal 
occupation occupation occupation 
(1) (2) (3) (4) (5) (6) (7) (3) (9) 
-earners dead 415 394 809 25:03 23-77 2-69 2-51 5:20 
earners emigrated 4 5 9 0-24 0.30 0-03 0-03 0:06 
sub-total (1) 419 399 818 24.07 2.12 2.54 5:26 
earners invalid 263 203 466 15:86 12.24 1:71 1:37 3.08 
-earners unemployed 164 210 374 9.9 12-67 1-06 1.36 2.42 
sub-total (2) 427 413 840 24-91 2-77 2.73 5 5 
total 846 812 1658 48-98 3:49 5:27 10-76 


Cols.(5) and (6) of the table show that there is no large difference between the proportion of 
destitutes under different condition of earners in pre and post-famine periods. С01.(9) shows 
that death of earners accounts for almost half the cases of destitution ; next in importance 
is sickness and then unemployment of earners. 


3.13. Summary of conclusions. 

(1) Adverse conditions leading 
to have set in before 1943. j 

(2) About 4.8 lakhs of people 
ditions in Bengal; and of this number 
the famine of 1943. 

3 The total n 
May 1944. 


4 Compared to the number 


to an increase in the number of destitutes appear 


had become destitutes under war and famine con- 
abovt 3.3 lakhs had probably been contributed by 


mber of post-famine destitutes was of the order of 10.8 lakhs in 


of destitutes in January 1943 the largest proportion 
had come from the younger age-groups during the famine period of January 1943 and May 
1944. : | | 

(5) Тһе proportion of destitute women is greater than the destitute men and a large 
number of them are adults belonging to the age group of 15—50 years. This has created 
a serious socio-economic problem for the country. | | 


(6) In actual numbers, the occupation of ‘agricultural labour" had contributed the 
largest share of destitutes during the famine year of 1943. Next in order of importance 
were ‘agriculture’, ‘agriculture & labour’, ‘craft’, and then ‘fishing’, ‘profession & service’ 
trade’ ; least affected were ‘transport’, ‘non-agricultural labour’ and ‘husking paddy’, 

(7) Compared to the total population in each occupation, gi à 
regard destitution were ‘fishing’ and then ‘agricultural labour’, 
‘transport’. 

(8) The chief cause of destitution was death of earners. Next in 
sickness and then unemployment of earners. 


'oups most affected as 
р н 
husking paddy’ ‘ста’, and 


importance was 
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7 APPENDIX TO CHAPTER 3 

mated с. me sea distribution o the destitu's: before and afier the famine. Esti- 
January — = " persons in lakhs by age and sex under each class of incidence in 
period is given in —— | ш, аш p new destitutes created by the famine during the above 
May 1944 have "tit къ . Estimates of destitutes by sex and age in January 1943 and 
titutes ан — ры from the proportional distribution within the sample of the des- 
In the Census of 1931 E ным нь distribution of all-Bengal population by sex and age 

o. gures Гог 1941 are not available) could also have been used. But, 


aS sex 
Sex and age distri " 
8 age distribution : 1 а pP 
bution, ion among the destitutes may not be the same as the overall: distri- 


it was consider ; 
х considered advisable to use the former method. 
E 3(A-1). Es 
INCE By WE cont TED NUMBER (IN LAKHS) OF DESTITUTE PERSONS IN EACH CLASS OF 
23 Ачы AGE IN JaxvARY 1943 AND May 1944 AND THE NEW DESTITUTES 
CREATED BETWEEN JANUARY 1943 AND May 1944. 


estimated number (in lakhs) of destitute persons 


class 0—8: seas Е 5 = свт ад 
P — years 5—15 years 15—50 years 50 years and above 
n ira d d. 

female total 


male fom = x 
le female total male female total male female total male 


(1) 
(2) (3) (4) (5) (6) (7) (5) (9) (10) d) (12) (13) 
Class \ January 1943 
Clas 0-00 оло оло 0.54 0-35 0-89 0:33 0:06 0-99 0-17 0-26 0- 
88 В 
Cla 0-10 олт owi ogs 0-38 0:06 0-35 0-70 1.05 0-18 0-28 0-46 
Ss © 
Tura] jj 0-08 0.10 oas 0-40 0-38 0:82 0-30 0:59 0-89 0.15 0:23 0-38 
MUR) 0:99 641 wes ры woe #8 Omii 1% CRIT 50 0-77 1-27 
Class д May 1944 
Cla 0:27 0.23 050 0-55 0-76 1-61 0˙67 1 29 1:06 0-19 0:23 0-42 
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CHAPTER 4. ECONOMIC DETERIORATION 
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ag total destitution but whose earm- 
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part or in full and were thus reduced to 
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1 idea of the extent 
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Г ‘agriculture & labour" or "agricultural labour". 
r average earnings to those of lower а 


year 1943 would, therefore, give а 500% 
iral Bengal as à consequence of the famine. 
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1 TH H 
of f; other occupations of highe 
amily oc г Е 
vily occupation during the 


of loweri М 
ering of economic level of ту 

9 А z Е : 3 

of 4.2. Change of fa mily occupations during the famine. Table 4.1 gives the number 
and proportion of families in the sample suffering change of family occupation during the 


period January 1943 to April 1944. 
OCCUPATIONS AS IN JANUARY 


N THE SAMPLE SURVEYED BY 
ОЕ OCCUPATION DURING 


TABLE 
lu» +1. NUMBER OF FAMILIES Г 
9 AND IN May 1944, AND NUMBER AND PROPORTION OF CHANGE 
i THE PERIOD. ; ў 
percentage © hange O' 
п ber occupation between 
oc n change betw eon DUM 981185 1943 May 1944 
cupational groups | number January 1948 & May їй 19445 : = = 
s 7" increase decrease balance increase decrease БВ lance 
y і 5 à 8 (9 
m "EE M bo cu^ ү " 5 
7 5 2 45 — 0:39 
agriculture irs 162 442 200 4015 94 А y 
i й "ERI EDT i 
agriculture & labour 2511 162 330 —168 2 бы 
agri a 9 8 158 10:80 + 
Erieultural labour 2534 396 209 т v ssp Xa 
Е 1% 5 
Non-cultivating owners 860 121 64 ＋ 87 9 i 
: ў 21:36 —17 2 
fishing d 17 — 39 181 3.64 | 
220 4 3 18 ADOOS я 
erafi l^ cu і 
h | 807 * „ т. сеа шы es И 
uski 2 + А < 
725 ы vil Е е 187 303 18276 21:55 16121 
t ә + ү 
Transport 116 212 26 A a 640 3030 2420 
trade 4 1081 67 330 > 1010 9:02 846 + 0:56: 
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і а" лб, О? 
Profession and service 1064 96 d e 143 23:88 1 
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other " 33 3 р ; 
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total 15208 1845 
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1 ad suffered change during 
3 1 the occupational groups had suffered chan: 
he table show that al 
Cols. (5) & (9) of t 


Cols. ( 7), (8) indicate that in all occupational groups there w 
i s. (3), (4) and (7), (8) inc h 
the famine. Cols. (3), 


as both 
i ease and decrease ; in some of the groups there w: 
incr 


as an over all or net increase and in others 
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over-all decr . 16 wou е 1 that both gn ulture’ and ‘agriculture & 
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К к и x H , . 1 7 Ч "b 
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i s у L r ‘tive’ with an 
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4.3. Measure of economic deterioration. 


Shift of families from one occupat ional 
group to another does not, however, by itself mean a raising or lowering of economic lev 


Everything depends on from which category to which the change is made. Thus a family 
which finds itself in the group ‘agriculture & labour’ would have a lower economic status if 
it came from ‘agriculture’ and higher economic level if it had come from 

The extent and nature of the change can be appreciated onl 
relative to their original family occupation. Tables 4.2 
the shift of families between occupational groups. 


‘agricultural labour’. 

y by studying the shift of families 

» 4.3 and 4.4 give in greater detail 

44. Table 4.2 shows the actual number of families surveyed together with the 

family occupation as in both January 1943 and May 1944, For example, 4875 families were 

in the group ‘agriculture’ in January 1943. Out of these, 4463 had retained the same occupation 

in May 1944 ; but 93 families had changed over to the group ‘agriculture & labour’, 116 to 

‘agricultural labour’ ; and so on. Table 4.3 gives the same information in the form of weighted 
percentage (with total number of families survey 


ed=100). Finally table 4.4 shows the 
estimated number (in lakhs) of families in the different ca y, table 4.4 s 
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45. Economic deterioration in rura 
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economie status and was thus placed in class (а): 
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| Bengal during the famine. From table 4.4 it 
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mily occupation. Table 4.5 
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"TABLE 4.5. ESTIMATED TOTAL NUMBER (IN LAKHS) OF FAMILIES IN RURAL BENGAL BY FAMILY 
OCCUPATIONS AS IN JANUARY 1943, AND THE CHANGE BETWEEN JANUARY 194: MAY 1944 
CLASSIFIED UNDER ‘IMPROVEMENT’, ‘DETERIORATION’, OR ‘AMBIGUC 


estimated number (in lakhs) of families 


A percentage of families 
occupational groups January change between suffering change between 
1943 January 1943 & May 1944 January 1943 & Мау 1944 
improve- deteriora. ambi. pee: оквира» ambi- 
ment tion guous ment tion guous 
(1) (2) (3) (4) (5) (6) (7) (8) 
agriculture 33.3 — 2.5 =. = 7.51 — 
agriculture & labour Teer 0-4 R 1:8 = 22M 8-77 " 
agrieultural labour 17.3 0.7 0.6 = 4-05 3-47 — 
non-eultivating owner 6.2 — 0-2 0-1 3-23 1-61 
fishing 1:3 — — 0-1 — x qu) 
craft 5:1 — 0-3 0-1 20 1:95 
hussin: paddy 17 0-7 == = 4-12 — 
transport É 7 „= 0-1 = ГЕ 14-29 е 
trade 6-9 — 1.6 0.2 = 23-19 240 
rofession & service 6-8 С 
Р 9" 041 0-1 147 1-47 1-47 
non-agricultural labour 1:0 — 0-1 


— 10:00 = 
other productive ocenpations 


w 
1 
2 


= 4:55 <= 
living on charity 2.8 0-4 14-9 
=> p 29 20 e 
total 102.4 2 70 0-6 2.94 6-84 0.59 


ав) mg (7) of table 4.5 show that about Seven lakhs of families (6.8%, of the total 
number in rural Bengal) had suffered a deterioration of — ides du ing the 
famine; about 3.4 lakhs (5.936 Gf the tata had prospered (cols. 3 i А 2% : à f or 0.6 
lakhs (0.695 of the total) it is not clear Whether they had к 4 Mas 6); * ^ = 
Col. (4) of the table shows that deterioration Was heaviest ит * E (о p тї is 
is just what was to be expected. Most of the rural families in Ben ic ES К, x : 
tural pursuits, and land alienation and loss of plough cattle bro 1 engaged in e 
киш ч ee ы. Бандини 
Өк REUS also suffered heavi ; А 
Owing partly to the bringing in of various да ila n was almost inevitable. 
hoarding and black marketing on the other hand, trade in ме нар оп опе һапа, and 
normally. There was also an appreciable deterioration in ihe a m оша hardly Талаша 
"crafts! which probably had its origin in the disintegration of ыы ion of families following 
of raw materials and accessories. Col.(7) of the table which gives сора caused. by lack 
impoverished families (percentage of total in each occupational grou a туа proponkion of 
trade’ was most seriously affected and may therefore daim Priori p), shows that wee 
measures. У as regards rehabilitation 


4.7. ‘Agricultural labour’, however, shows certain speci 
2 | А Special fi ч 1 
n in para 3.9 that this group had suffered destitution very heavily —— 


Tn table 4.5 it is seen 
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cases possil bd aen whose economie position had seriously 

2 а reduced to semi-destitution) was about 38 lakhs. 
which origin: м actual numbers, the heaviest deterioration h 
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lso worth noting. 


nt caused by war work. 
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CHAPTER 5. LAND SALE AND MORTGAGE 


LAND PROBLEM BEFORE THE FAMINE 


5.1. Classification of families by paddy land. In an agrarian country like Bengal, 
land is the main asset of the people. In 1943 people affectel by the famine in rural areas 
were therefore often obliged to sell or mortgage their land to save themselves from immediate 
destitution or death from starvation. The land problem had already become acute in Bengal 
long before the famine. To grasp the full effect of the crisis, the position immediately before 
the famine therefore needs consideration. For present purposes rural families were classed 
under four groups by the amount of paddy land in their possession : (1.1) families possessing 
no land, (1.2) possessing 0—2 acres, (2) possessing 2—5 acres, and (3) possessing 5 acres and 
above. Since paddy is the main стор? of the country (being both a food and a money crop) clas- 
sification by amount of paddy land owned will show the main features of the land position. 

5.2. Groups (1.1) and (1.2) may be pooled together to form one single group (1) to 
represent the poorer section of the rural population. In the opinion of many economists,2 acres 
of paddy land form the subsistence requirement for a family of five (the average size of family 


is 5.4 according to the 1941 census, and 5.2 according to the Bengal Land Revenue Com- 


mission 1940-41). It is this group which constitutes the most numerous section of rural 
Bengal and which suffers most in any crisis. Group (2) constitutes the middle section of 


the rural population, and group (3) the upper middle and richer elements. 


5.3. Ownership of paddy land. Subdivisions in which the low 


no paddy land or less than 2 acres) is comparatively more numerous may be considered to be 


at a lower economic level (and hence more vulnerable to famine conditions) than other sub- 
divisions in which rural families possess more paddy land on an average, "Table 5.1 gives 
the proportionate distribution of the poorest stratum (that is, of group (1) families possessing 
no paddy land or less than 2 acres) in surveyed subdivisions grouped according to the In- 
dustries Department classification, xit А 


est section (possessing 


Я " 
TABLE 5.1. CUMULATIVE PERCENTAGE OF SUBDIVISIONS SURVEYED BY PERCENTAGE OF 
PAMIDIEB,OWNING NO PADDY LAND OR BEW 9 acRRS m D UARY 1043. 
percentage of families 


Ў cumulative percenta, f 
owing no paddy land b-divisi ed 
or below 2 acres — CR 
in January 1943 Class A Class B Class С total 
(1) (2) (3) (4) (5) 
above 90 % — 8 9 6 7 
w RH 54 18 24 32 
» 10% 85 21 71 63 
* 60% 100 64 88 85 
” 50% 100 91 100 98 
* 40% 100 100 100 100 
no. о subdivisions surveyed 13 11 17 41 
= 2 adi 
(1) Paddy в sown on about 88% of all cultivated land in Bengal. ы 
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In this t: se. 

sillas ee reb eee what percentage the group (1) families form of the total, and the 

Campuring tha fan. ы puer ee proportion of subdivisions in the different classes. 

already in Tensions Wi n зы ee Nin a s gue in vole, (8) аа 

бегенди of — "e before the min the proportion of subdivisions having higher 
г families was heavier in Class(A), the “most severely affected" area, than 

we find that the proportion of subdivisions 


in the otl 
ler tw For Е 2 
having ox SI For example, in the third line 

E over 70% of families be А AES 
% of families belonging to group (1) was 85% in Class (A) area, and only 27% 


in Class "S a 
ss (B) area, and 71% in Class (C) area. 


Nr nat (B) aubdiviginna (which were quite severely affected by the famine) were, 
arently better off before the famine (as judged by the present criterion) 
(nit think свай The degree of incidenco liad; however, followed to some extent 
that emen * ) the general economie conditions prevailing before the famine, This shows 
Present, table s " Јавен 1943 were already pretty bad. It can be seon from col. (5) of ш 
Proportion of lat in 35 out of 41 or 85% of the total number ene surveyed, the 

of group (1) families was no less than 60% ; or again, in 25 out of 41 or 63% of 

1) families was over 70%. 

Table 5.2 gives the accumulated 


5.5. Mean acreage of paddy land. per. family. l 
es of mean acreage of paddy land owned per- 


Percents А > 
fami itage of subdivisions having different valu 
amily be F 


than s ivisi 
n subdivisions in Class (C) 


Subdivia; 
VIS Ч " " 
lons the proportion of group ( 


fore the famine. 
| TABLE 5.2. CUMULATIVE PERCENTAGE OF SUBDIVISIONS SURVEYED, jy, 
BY MEAN ACREAGE OF PADDY LAND OWNED PER FAMILY D 
cumulative percentage 
rveye 


mean acreage of paddy of subdivisions su 
land owned per family Е „ 
in January 1943 cL ssB Class 0 total 
i Class A. Clas 
0) e (3) e ў 
2 
9 d ^ 
above 4:0 acres = A 5 
9 
э» mw ” " 3 X 
эз ө цу wc X : 15 i 
"E 8 21 S. 
PE 57 41 ri 
8 5 8 <4 di 
2-0 k 70 ] 
A мо 4l g Р 
1 1:5 100 88 95 
„ 1.0 * 100 100 100 
co^ 100 100 n 
к guo 11 17 
13 г 
no. of subdivisions servat the basis of mean acreage of e a 
ш dd H „ы 
The Р he subdi ааб supplied by Table 
table shows that a gradation of th ле kind 0 jcture of 13, от 41% of the sub- 
same К #2 › / f 
ghly the $ 043 only in 5 and in only 1 out 


an Е 
Ч owned per family gives тоё У, 1 71 is 
t in Jane above 1.5 acre 


к pus col. (2) of the table shows tha Wes 8 
Visions in Class (А), the paddy land obe reage att were somewhat better ; in 
of 13 or 8% of the subdivisions the mean А 3) and of lass va mean acreage was above 
ai espective g ee The ver-all figures in col.(5) 


8 š 2 
з that conditions in subdivisions | sua 
9 ens in these 5 _„ 9 acres: 
2% and 76% of the subdivisions 7 hese рое 2 9 
5 : subdivisions 4 


1s 
5; and in 27% and 41.0% of 
" 313 
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however indicate that in only ll out of 41 orin about one-fourth of the subdivisions the 
average holding of paddy land per family was above 2 acres. This shows the acute shortage 
of paddy land owned by the peasantry in Bengal before the famine. 


5.6. Provincial estimate of families owning paddy land before the famine. The 
precarious nature of Bengal’s rural economy can be seen from Table 5.3 which gives the all- 
Bengal estimates of families owning different amounts of paddy land. 


TABLE 5.3° NUMBER, PROPORTION AND ESTIMATED TOTAL NUMBER IN 
LAKHS OF FAMILIES OWNING PADDY LAND IN JANUARY 1943 IN RURAL BENGAL. 


paddy land total number percentage estimated 
owned in of families of total number of 
January 1943 surveyed surveyed families (in lakhs) 
(in acres) 
(1) (2) (3) (4) 
no land 6145 36.2 37 · 4 
0—2 ^ 6169 40.5 40-1 
—5 2209 15:3 16.2 
аһоуе 5 R SLIT 8-0 8-7 
total ' 15,640 100-0 102-4 


. (a) Provincial estimates of the proportion of families shown in col. (3) have been derived from the 
estimates of each subdivision and class of incidence with the total number of families in each subdivision 
and class in January 1943 (obtained by extrapolation of the corresponding figures of Census 1931 and 1941) 
used as weights. 

(b) Estimated number of families as shown in col(4) are derived fi the total ber of families 
(102 +4 lakhs in January 1943) and the proportion of families in each ЖА ДӨ group Е, со]. ( 
It will be noticed from col. (3) of the table that in rural Bengal in January 1943 more 
than one-third (36.2%) had no paddy land, while about two-fifths(40.59/) owned less than 2 
acres. Thus more than three-fourths (76.79/ ‘of rural families of Bengal either had no paddy 

9 3158 s 

land at all or less than 2 acres ; less than one-sixth (15.3%) had paddy land between 2 to 5 
acres ; and only а twelvth (8.0%) had above 5 acres. It means that, adopting 2 acres of paddy 
land as the critical limit, only about 23% (or less than one-fourth) of the rural families of 


Bengal belonged to what may be called the middle and upper level of prosperity, while aboub 
77% (or more than three-fourths) were below the subsistence level. 


5.7. Summary of conditions before the famine. The land problem in Bengal before 
the famine can be summarized in the following way : B 


(1) Even pus to the famine in a majority of the subdivisions (26 out of 41) more 
than 70%, of the families дулей less than 2 acres of paddy land per family (Table 5.1) ; and the 
mean acreage owned рег family was somewhere between 1.5 and 2 mem (Table 5 2) 

(2) Broadly spéaking, stratification of subdivisions by amount ud add in 1 owned 
per family before the famine was roughly parallel to the degree of incidence a eds sonditions 
as shown by the classification of the Industries Department. This is, of course v hat was 
to be expected. Subdivisions in which there were more бә with " i d below 
subsistence level were naturally more vulnerable to the famine, — 

(3) The over-all position in Bengal was precarious. More than three-fourths of rural 
families had either no paddy land or owned less than 2 acres and were thus either below the 
subsistence level or were just on the border line (Table 5.3). Е 

58. It is against this background of conditions early in 1943 that the effect of the 

famine on the land problem of Bengal can be properly appreciated. The factors discussed 


374 


— — — 


AFTER EFF ECTS OF THE BENGAL FAMINE OF 1943 


here are sale 

ы sales and mortgages of paddy le А + 

usn. is ЕР paddy land during the period April 1943 rch 19: 
{that is, the whole of the Bengali year 1350). | i s SEE 


AGE DURING THE FAMINE PERIOD 


LAND SALE AND MORTG 
1350 BENGALI ERA) 


А (APRIL 1943—4A nin 1944 ; 
5.9 Y ilies selli ; 
5.9. Families selling paddy land during the famine : 
paddy land during the famine betw 


Auer or chili Table 5.4. gives the ti 
umber of families who were forced to sell 5 ES ^ E 
ri 


and April 1944. 
NUMBER IN LAKHS OF 


TABLE 5 
e ies NUMBER, PROPORTION AND ESTIMATED TOTAL 
S SELLING PADDY LAND BETWEEN APRIL 1943 AND APRIL 1944 (1350 BENGAL YEAR) 
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* (in lak 1943 in January paddy land bet- paddy paddy land 
in lakhs) 1943 ween April 1943 land (in lakhs) 
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е (2) (3) (4) (5) (6) 
азз А 5.92 
= 25.93 5114 653 12:5 3:24 
Class B р X 
33-86 5994 501 9-8 3-31 
Cl 
nds 42-04 4532 292 6-3 2-69 
rur 
ral Bengal 102 -43 15640 1446 9-0 9.24 
4 кыа 
l subdivisions surveyed 9-1+0-27% 
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TaBLE 5.5. NUMBER, PROPORTION, AND ESTIMATED TOTAL NUMBER (IN LAKHS) OF FAMILIES 
SELLING PADDY LAND IN FULL BETWEEN APRIL 1943 AND APRIL 1944 (1350 BENGALI YEAR) 


number of families families selling paddy 
total number included in survey land in full between 
of families April 1943 & April 1944 
class in January — — 
1943 total in selling paddy estimnted 
(in lakhs) January, land in full percentage total number 
1943 between (in lakhs) 


— April 1943 
& April 1944 


(1) (2) (3) (1) (5) (6) 
Class А 25-93 5114 217 3:9 1-01 
Class В 33-86 5994 189 3.2 1:07 
Class C 42-64 4532 69 1.2 0-53 

rural Bengal 102 -43 15640 475 2.9 2-61 


Cols. (5) and (6) of the table have been calculated in the same way as the corrsponding cols. of Table 5.4. 


It can be seen from col. (6) of the table that out of 9.2 lakhs of families selling paddy 1 
2.6 lakhs or a little less than one third had to sell their land in full and thus lost their only ог 
chief source of earning. Col. (5) of the table shows that here again the gradation among sub- 
divisions is maintained, sales in full being proportionately higher in Classes (A) and (B) than 
in Class (C) ; no marked difference is, however, seen between Cl 


and, 


asses (A) and. (B). 
5.11. Mortgage of paddy land during the famine. Table 5.6 gives the estimated number 
of families mortgaging paddy land during the famine period of April 1943--АргИ 1944. 


TABLE 5.6. NUMBER, PROPORTION AND ESTIMATED TOTAL NUMBER (IN LAKHS) OF FAMILIES 
MORTGAGING PADDY LAND (WITH AND WITHOUT SALE) BETWEEN 
APRIL 1943 AND APRIL 1944 (1350 BENGALI YEAR) 


total number of families famili i ; land 
i А milies mortgaging paddy Ја 
E rem included in survey between April 1943 & April 1944 
: а= — — 
class Wee 15 in mortgaging paddy estimated tate 
bes Januar and bet 1 ? in lakhs 
(in lakhs) 1043 1943 bn ie percentage number (in la 
В TTD А b 
with sale ^ without with sale without with sale withou 
sale sale sale 
1 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Class A 25-93 5114 312 252 6-1 4л 1:58 1:21 
Class B 33-86 5994 499 452 8-2 6 2-18 2.33 
9 * 
Class C 42.64 4532 245 291 B4 d 2-90 9.09 
rural Bengal 102-43 15640 1049 925 6.5 6 5.03 
3 5 5 6 -6 
41 subdivisions surveyed Y 
6:34-0.24 


(a) Cols. (6) & (7) of the table are deriv. di А 
(b) Cols. (8) & (9) of the table are derived in the Same Way аз col. (5) of tables 5 & 6. 


ved in the same way as col. (6) of k; 
A a tables 4 & 5. 
Cols. (8) and (9) of the table show that the estimated реа 


а pir 
paddy land was 6.7 lakhs (6.5% of the total), of a. елм noan pe 
not sold their paddy land. Thus it is seen from col. (6) of ate nS (5.5% of in vat 
that 14.9 lakhs of families (out of a total of 102.4 lakhs of mE. and col. (9) o: А 5 abes 
of families who had originally owned paddy land) were dite g ln and d s to either 

ve, recours 
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The number of families who both sold and mort- 
Col. (6) of the table also shows that the percent- 
subdivisions surveyed was 6.3% (together 
which is again quite low). 

e 5.6, that the number of mortgages was 
as against 6.1% in Class (A) and 5.4%, 
mine having been more acute in 
ight instead of mortgaging them 
In Class (С) the 
less acute. 


sale or mortgaging of paddy land. 
gaged was, of course, less, namely 6.7 lakhs 
age of families mortgaging paddy land foo the 4l 
with an estimated standard error of + 0.24% only 
5.12. It is seen from cols. (6)—(9) of Tabl 
uk etr gg heavier in Class (В), having been 8.2% 
m probably indicates that incidence of fa 
ЖАПАК к Ат ч көл were obliged to sell their land ооб) 
beides c m A only about half the cash price received from sales. 
И gaging was lower probably because adverse conditions were 
сіни — pe- yw; of Les iion The extent of land sales and mortgages during the 
April 1943—A pril 1944 can be summed up аз follows : 
E = lakhs of families of rural Bengal sold their paddy land. 
2) 2.6 lakhs of families sold their paddy land in full and thus los 


means of livelihood. 
(3) 6.7 lakhs of families of rural В 
lakhs had also sold a part of their holding. 


(4) 14.9 lakhs of families (22.9%of the number owning paddy land) 
land. 


cither to sell or mortgage their paddy 


Ө, 


+ their sole or chief 


engal mortgaged their paddy land of which 1.08 


were thus obliged. 


RELATION TO AOREAGE OWNED 
(diseussed in the previous section) supply an over 
of the population had suffered most. Tt is 


had not been uniform in different sections of 


LAND SALES IN 
al sale of land 


5.14. Estimates of tot 
ate what sections 


all picture, but do not indie 
d by the famine 


known that the hardship impose 
of the rural population. Certain groups were reduced to destitution while others remained 


immune and still others had even prospered. For the planning of rehabilitation such E 
ferential incidence also have to be taken into consideration. To study this point, families. 
were classified by the amount land owned before the famine in March 1943. 

& М à таре 5 7 gives the proportion of families selling paddy land. 
| 5.15, Sales in. full. able 5.7 £ sod by the amount of paddy land owned before 
in full in differe wmilios 0188107. 
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PTA (IN JANUARY 1943) 
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2 acres; ^ 
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а! 
class total number of WU 
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— 0—2 9—5 above 5 o 0 in 
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(1) (2) (3) 313 2 80 12 
dasa w (629 297 ea 10 
Class B 2096 884 443 ee 10 i 5 TT ; 
Class C 1746 3700 371 435 32 "ss esL et the Tables И, 
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families owning 2—5 acres and 0.4% among families owning above 5 acres as shown in wee 
(9) and (10) of the table. It will be noticed from cols. (8)—(10) of the table that the Indus- 
tries Department gradation was fully maintained in the 0—2 acre group. 
however occured in the other two groups of families owning from 2. à 
of paddy land, and were thus above the subsistence level. Some of these башна might 
have sold their paddy land for reasons other than the famine. For example, land prices had 
increased enormously and offered obvious inducement to sales. 

5.16. Table 5.8 gives the estimated tot 
paddy land in fall in different acre: 


Fluctuations 


—5 acres or above 5 acres 


al number of families in rural Bengal selling 
age groups owned before the famine. 


TABLE 5.8. ESTIMATED TOTAL NUMBER (IN LAKHS) OF FAMILIES SELLING PADDY LAND IN 
FULL BETWEEN APRIL 1943 AND APRIL 1944 py GROUPS OF FAMILIES OWNING DIFFERENT 
AMOUNTS OF PADDY LAND BEFORE THE FAMINE (IN JANUARY 1943) 

paddy land estimated total number of families included in 


families selling paddy land 
owned in acres number (in 


survey in full 
per family lakhs) of families 
before famine азір col (4) of total selling paddy estimated total 
in January 1943 table 5.3 land in full percentage number én lakhs 
(1) (2) (3) (4) (5) (6) 
No land 37-4 6145 EL = d 
0—8 40-1 6169 435 6-1 2.43 
2—5 16.2 2209 32 1.2 0-20 
nbove 5 8-8 1117 8 0 «4 0:04 
total 102 -4 15640 475 3.9 2.07 
(а) Col (5) is derived in the sam 


v е way as cols. (10)— (13) of table 5.7. 
(b) Col. (6) is derived from col.(2) and col.(5) of the table. Bl. S. 


Col. (6) of the table shows that proportionately the largest number of families (2.43 lakhs) 
had sold paddy land in full from among families who owned from 0—2 acres, Among families 
owning 2—5 acre of paddy land, the number selling in full was very small, only 20,000 ; and 
among families owning above 5 acres the number selling in full was negligible, only 4,000. 
Thus Tables 5.7 and 5.8 show that, both proportionately as well as in actual numbers, the 
0—2 acre group was worst affected by the famine and must claim priority in regard to 
rehabilitation measures. 


5.17. Sales in part. In contrast, part sale of paddy lang was heavy among practi 
cally all acreage groups as can be seen from Tables 5.9 and 5.10 which are similar to Tables 
5.7 and 5.8. Table 5.9 gives the proportion of families selling paddy land in part in different 
acreage groups owned before the famine, : 


TABLE 5.9. NUMBER AND PROPORTION OF 


FAMILIES SELLING 
APRIL 1943 AND APRIL 1944 By GROUPS О 


PADDY LAND IN PART BETWEEN 
F FAMILIES OWNING DIFFERENT AMOUNT OF PADDY 
LAND BEFORE THE FAMINE (IN JANUARY 1943) 
families owning 0—2 acres, 2—5 


— eal above 5 acres of paddy land 
sis total number x families selling Paddy land in part 
total number percentage 
= : 
2 ere 0—2 2—5 above 5 0—2 25 above 5 
a (2) (3) (4) (5) (6) (7) (8) (9) (0 
class A 2327 695 997 ws 178 т 81 27:9 24.5 
class B 2096 — 884 443 146 120 46 56 Ma т 
class С 1746 700 377 92 и 40 SUL 18-7 а 
ural Bengal 6169 2209 1117 421 389 161 si 


74 153 125 
Cols. (8)—(10) of the table have been derived in the same way as the correspo; 


nding cols, of Table 5 
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T BE IN LAKHS) 


ROUPS OF FA 
THE FAMINE 


Esrimar 
TWEEN PM TOTAL NUMBER ( 
Арки, 1943 лхо APRIL 1944 BY б 


AMOUNTS OF PADDY LAND BEFORE 


Paddy 
Owned Y and и 
рег ful acres estimated total number of families included 
‚Бер amily number (ir in survey land in part 
у Tans famine lakhs) of families — BEN е — S Е 
чагу 1943 in col (4) of А total selling paddy estimated total 
a table 5.3 land in part percentage number in lakhs 
) : 
B 6 
№ lanq (2) (3) (4) i o 
0—2 37 4 6145 F ие A 
2 40-1 6169 421 
sen 15:3 2-49 
abo 16-2 2209 asg 
ve 5 159 12.5 10 
tota] 8.8 1117 Pn 6-58 
71 
102-4 15640 d 58 
Cols (5 ding columns of table 5.8. 
^ 8 (5) and (0) of tho tablo aro derived in the same way as the correspo”! 
ү 
o] ( 
` (6) о 2 acres and 2—5 acres 
a * on the table shows that in actual numbers families mnis {м the former and 2:49 
АК ime equally important with 2.99 lalchs out 0 0 although proportionately part 
Sa] of 16,22 |; f is means : 5 suffered 
mon оу deas lan lakhs in the latter grou pee in act plug ü : E px in the 
he Cin this; and were small in the 0—2 acre 81 ü measures #8 uch as fam! cd 
C NIS res я i 0! jes ОУ 
respect and hence requires rehabilitat! the uppe oup. of familie re 
Among lakhs 0 nel ddy lands. As already 
i e and partly to gae 


ai 

ар Sher 

о r 5 

Ve 5 group of 2—5 acres. + 


deg: out, th; 
Sir » this may have been due par 


O so] 
‘ " l when prices were high. -ding sales © 
А 2 Я znts regarot : 
ning i 0. Summary of conclusions: Boley mme ap below” 2.4 lakhs 
erent amounts of such paddy land owning les than 2 acres + | 1 5 
(dn о their sole ог chie: 
И hey 


9 (1) < У 
fam Sales in full were important on 
this an 
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8 out of 40 lakhs were obliged to de 
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А i view, it would be seen that out of a total 
Kus da mon > ооа due vla -4 lakhs belonged ig the -— 
of 2.6 pins 5 Ж Е E » large scale had evidently taken place in this stratu à 
mur es s 3» : art, on the other Hanf, had occured in large numbers ut all pee 
Such uos ewe d most frequent among the Ше iid a m" — 
2—5 acres (15.3%) and least among the lowest Soup owning 0—2 н = ч I —TM 
(3) Evidently, in the lowest stratum, families who sold paddy lanc м edo UMEN 
do so in full rather than in part. Inthe middle group, on the other hand, miei. is Mona ian 
to retain a portion for their own use. m actual numbers both groups, — Е 7 5 scons Jd 
affected in as much as about 2.99 lakhs in thio lower and 2.49 en б ) ы | ior 5515 
actually sold a part of their paddy land. There were part eal also by а НЙ, 
of 8.7 lakhs (or 12.5%) of families in the upper group owning above 5 acres of paddy 


; ' hi rices 
This may have been due partly to the famine and partly to the inducement of high ] 


of paddy land which was a characteristic feature during the famine year. 


п) E 
LAND SALES AND MORTGAGES IN RELATION TO OCCUPATIONAL GROUPS BEFORE THE Ё eme 
5.21. It is of some importance to consider the incidence of land sales and mor nei ^ 
among families in different occupational groups. Sale of paddy land may mean 3 
ment for a non- agricultural family having other means of livelihood } Bui, for an 7 0 point 
family in the lowest stratum, sale of paddy land may mean destitution. ANE salis 
of view of rehabilitation it is the different groups under the broad occupational ca 15 pln 
Agriculture (as defined in para 2.20) which are ofthe greatest чела ы ушшш 
. Groups (agriculture', ‘agriculture & labour’, ‘agricultural labour’, and ‘non-cult’ 
owner’) which have been studied in detail in the present section. oper appre- 
5.22. Families owning paddy land in each occupational group. For a proper 1 — 
ciation of the distress caused in different occupational groups it is necessary to have 3 Rd sii 
ground the distribution of paddy land among these groups before the famine. Ta 


m mily 
gives the proportion of families (in the sample) owning paddy land in Арки, 1943 by family 
occupation before the famine (i.e. in J anuary 1943). 

TABLE 5.11. NUMBER AND PROPORTION 
IN APRIL 1943 BY FAMILY OCCUPATIO: 
occupational groups 


> LAND 
OF FAMILIES SURVEYED OWNING PADDY L 
943. 
NS BEFORE THE FAMINE IN JANUARY 1943 


number of families percentage of 

before the famine in included in survey families owning 
January 1943 paddy land 
total * owning paddy land to total 
(1) (2) (3) (4) 

agriculture 5090 4285 84.2 
agriculture & labour 2616 1918 73:3 
agricultural labour 2506 395 15-8 
non-cultivating owner 922 922 100-0 
others 4506 1737 38.5 


Col. (4) ofthe table shows that all the families in t ait 
paddy land before the famine because such ownership was itself the basis of this pue 
classification. Excluding this group of ‘non-cultivating Owner’, it will be seen from the 1900 
column, that the largest proportion of families owning paddy land (84%) belonged to the P 
‘agriculture’. This again is as it should be, since, by definition, this group consisted of fam 


„ had 
а А тет 
Һе group *non-cultivating owne 
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which w 
Were wholl 
y or pre i 
ие у or predominantly dependant on cultivation ; the remaining 16% (who did 
site os Е à y Ое ; who 
y land) did their cultivation on the basis of share cropping. N 
g. 

land in the group ‘agriculture & 


5.23. The : 
Ве proportion of families owning paddy 
This section 


labour’ (73%) was al 
.) was also large in conformity with the definition of this group. 


comes ir js 
s immediately afi А 
y after agriculturists proper in the economic and social scale. Not owning 


sufficient lii x : 
ав hired — 9 enough land to cultivate on barga, these families are forced to work 
3.24. In is ke: п, i^ their chief source of livelihood is cultivation. 

ve. group ‘agricultural labour’ (16%) the proportion of families owning 
Among ‘others’ (i.e. non-agricultural families) the 
Thus for ‘agricultural labour’ 
as not an important problem as 
source of income to 


paddy land w 
vidi — naturally very Small. 
and ‘others’ I т nimi paddy land was also small. 
these familie 8 i transfer or mortgage during the famine w 
them, s did not own any land or so little that it was only a minor 
5.25 
Table 5 pg : Land transfer and mortgage in each occupational group during the famine. 
-12 gives the proportion of families in each occupational group owning paddy land 
1l or mortgage their paddy land during the famine. 


bef 
ore the Й , 

famine who were obliged to se 
OR SELLING PADDY LAND 


Tar 
ABLE 5.12 
12. Number AND PROPORTION OF FAMILIES MORTGAGING 
FAMILY OCCUPATIONS 


(IN > 
N FUL 
L AND IN PART) BETWEEN APRIL 1943 AND APRIL 1944 BY 
BEFORE THE FAMINE IN JANUARY 1943. 
number of families survoyed percentage of families 


o “u А 
"eupati 
PAtional groups before — 
ng paddy land mortgagin 
а! 


amine | 
in Г i 
anuary 1943 sollir 
—— Mud 
lani 


total = P 
in full in part 
(3) 5) (6) 


(1) E 
(2) 

Mw 481 264 2-36 9-90 

5-96 6.69 7.57 

2.39 


4T 


—À 


— 

g selling paddy land mortgaging 
paddy 
in full in part land 


(7) (8) 
7:15 


agriculturo 
agri 5090 
Zricultures & 
ure & labour 2616 141 04 
Erieultur, 52 60 5 
по тй. Баш 2506 i 4-88 
ТОГЕ 1 б 
cultivating ous 922 2 88 44 -— 
А 181 DA 


2.91 


Others 
4506 
as Col. ( 


C " 
ols. (6) —(8) of the table have 
st heavily 


Col. (6 

ud is telle shows that sales in w 

the ie | ed in about 6% of all families и. 

Was bio ortion was of the order of only 2% 1 

(6.7%) lest in the group ‘agriculture’ (9.9%) ; 

muro. non-cultivating owner’ (4. i pr ' 
% only. Col. (8) of the table „that the T uet 


Was ] 
eaviest in the two groups. *agricultur 


60% „ | 
d № respectively; it was appreciable in the g í 
pye all г i soups «agricultura 
and atively small in the remaining tw? groups ‘88 A 
d 2.9% only). | No 7 
the f 5.26. Summary of conclusions. The inci 
Sun amine by occupational groups (i. 

umarized below. 

i го ; 

(85.90 (1) Out of the five occupational g : A une vat Ў 

2%), ‘agriculture & labour’ (14.2 op) at 
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had the highest proportions of families owning paddy land before the famine. Een 
of families owning paddy land in- the remaining two groups ‘agricultural labour (16.0%) 
and ‘others’ (38.9%) were naturally smaller. | 

(2) Proportion of families either mortgaging or selling paddy land in part was heavi- 

est (7.2% and 9.9% respectively) in the group ‘agriculture’, but sales in full were compa- 
ratively low (2.4%). This indicates that due to the famine there was impoverishment 
among many families in the group but not pauperisation on a large-scale. Also some of the 
petter-off families in this group had probably sold paddy land in part as prices ha 
increased enormously. 

(3) The group ‘agriculture & labour’ was most severely affected in all respects 
(6.0% of sales in full, 6.7% of sales in part and 7.6% of mortgages) and requires high priority 
in rehabilitation measures. Like ‘agriculture’ this group depends mainly on cultivation but 
owns less land than the former and is thus situated lower in the socio-economic scale. The 
result has been that the famine not only caused more widespread and greater distress among 
families in this group but also more seriously affected their future. In the ‘agriculture’ group 
there was impoverishment but in the ‘agriculture & labour’ group there was | auperisation 
on a large scale. 

(4) Some of the families in the ‘non-cultivating owner’ group were also obliged to 
sell or mortgage their paddy land, Probably these were families of widows or invalids who 
did not own much land but who belonged to this group because they had to get their land 
cultivated by others. The number of families in this group is small (only 5.9% of the total 
in the sample); and the majority is well off, so that, proportions of sales in full as well аз 


sales in part or mortgages were low. They do not therefore present a serious problem for 
rehabilitation. 


(5) So far as land transfer and mortgage are concerned, the groups agricultural 
labour’ and ‘others’ also do not present any serious problem simply because proportions of 
families owning paddy land were small even before the famine in these two groups But 

g 1 


here also an appreciable numbers of sales in full or in part or mortgages indicate widespread 
distress and disintegration of rural economy. 


LAND PROBLEM AFTER THE FAMINE 


5.27. The land problem that faces the country at present, 


| ‚ after the famine, may now 
be formulated from the figures discussed in previous sections. 


| : г Even before the famine, 
shortage of paddy land was acute in Bengal. In the province as а whole about a third of 


all rural families did not own any paddy land while two-fifths had less than 2 acres, во that 
about three-fourths of all families had no paddy land or less than 2 acres. Subdivisions in 
which families owned, on an average, less land were naturally more severely affected by the 
famine. Families holding less land were obliged to sell out more heavily which has further 
increased the number in the lower economic levels. Mortgaging was also comparatively heavy 
among the less favourably placed families. Much of this land is not likely to be redeemed 
and would gradually pass into other hands leading to a further inerease in the proportion of 
families owning little or no paddy land. During the famine, 2.6 lakhs of families (out of 
65 lakhs owning paddy land) had totally lost their holdings, and were thus reduced to the 
rank of landless labour. This has made the agricultural economy still more top heavy. 
5.28. Even before the famine, several groups had become differentiated within the general 
category of agricultural occupations which have been designated in this report as ‘agriculture’, 
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‘non-cultivating owner’. The famine 
the group of ‘agriculture’ 
our’; and has thus 


of course, 


‘agriculture & 

has ee um — ‘agricultural labour’ and 

16 ‚жен а ап opprenable number of families from 

accentuated inec | UE y Ed from "agriculture & labour to ‘agricultural lab 
pualities in the distribution of paddy land in the province. This is, 

ori grounds. The present sample 


D ob swiss! 
Surprising ; 

g and could have been anticipated on а pri 

xtent and direction of changes 


Survey 
y has, | 
* ах, however, х А В 
er, supplied a factual basis and has shown the e 


caused | 

à jv the famine 4 
y the famine in conerete terms. 
14у land in the province is finally 


5.29. Ace N 
Accentuation of the maldistribution of pac 
bought and sold by thi 


confir 
nfirmed by Table 5.13 whi 
) e 5.13 which gives the total acreage 


Sroups | os 
)etwoeen April 1943 and April 1944. 


e agricultural 


TABLE 5 

TABLE 5.13. Est 

BETWEEN here. qi Estimatep ACREAGE OF PADDY LAND (IN LAKHS) TRANSFERRED 
‚ 1943 лхо Maren 1944 BY OCCUPATIONAL GROUPS AS IN JANUARY 1943. 


go of paddy 


estimated acrea, 
oce 8 land transferred in lakhs percentage 
cus 'upational groups of acres between of bought 
sin January 1943 April 1943 & April 1944 to sold 
bought sold difference 
a) (2) (3) W (5) 
agrieulture 1:74 3-06 —1 32 57:5 
agriculture & labour 0:17 1-45 =1 28 11-7 
* 2014 9:8 
agricultural labour 0:05 0-51 0-45 
е —0:39 49-4 
non-eultivating owner 0.33 0-77 0:8 
78 40:5 
others 0-53 1:31 —0.78 
404 
total 2-87 m 3 25 a 
я р ntage of CO 
Col. (5) gives col- (2) as perc" 
Mee (4) of on vag of land (subject to errors of sampl- 
ng) Whi the table shows that roughly 4.24 lakhs acre? AG families within tho villages 
1с d n Um 
Wners] ch had been sold in the villages were not boug the hands of non-cultivating 
shi 3 Md j 5 
owners y p of such lands has thus passed to outsiders Pos inequality of distribution. Farther 
More ae in urban areas, and has adde sags of land gold) indicates that about 
А 
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7 11 Win 
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CHAPTER 6. LOSS OF PLOUGH CATTLE. 


6.1. Plough cattle in Bengal agriculture. Next to land, plough cattle is the main 
asset of rural families in Bengal. The extent of loss of plough cattle would thus not only 
indicate the severity of famine conditions but would also show an important aspect of the 
disintegration of rural economy. As bullocks supply the chief animal labour in agriculture 
in Bengal, plough cattle would usually mean bullocks. 

6.2. Cattle position before the famine. According to the official cattle census i 
total number of plough cattle in rural Bengal was 86.99 lakhs in 1940 and 99.89 lakhs in 1930. 
The trend between 1930 and 1940 being one of decrease, the total number for January 1943 
has been extrapolated as 83.12 lakhs. "Table 6.1 gives the estimated total number of plough 
cattle in rural Bengal obtained from the sample survey. 


TABLE 6.1. ESTIMATED TOTAL NUMBER OF PLOUGH CATTLE 
IN RURAL BENGAL IN APRIL 1943. 


total number mean number estimated total 
(in lakhs) of plough cattle number 
class of families in per family in (in lakhs) of 
January 1943 April 1943 plough eattle in 
April 1943 
(1) (2) (3) (4) 
Class А 25 · 9 0-58 15-02 
Class B 33.9 0.78 26:44 
Class C 42.6 0:88 37-49 
rural Bengal 102 -4 0-77 78-95 


Col. (4) of the table shows that the estimated total number is 79 1 
tween the sample estimate and the value (83 lakhs) extrapol 
satisfactory. As the extrapolated figure is subject to unk: 
been considered advisable to adopt the sample figure as tl 
both census and sample estimates have been used in calcu 


akhs. The agreement be- 
ated from census figures is quite 
nown errors of estimation it has 
пе standard, but in certain cases 
lations. 

6.3. Cattle shortage before the famine. Tt is difficult, fo 
2.92 to quote a definite figure for the area under paddy. 
a sample estimate of 186 lakhs of acre ; the official figure for ar 
44 was 182 lakhs of acre ; the crop survey estimate was appreciably in excess of 200 lakhs of 
acre. The acre per pair of bullocks thus comes out as something of the order of 5 acres оп an 
average. The area that can be tilled varies naturally from district to district depending ой 
the nature of the soil, and also from family to family, depending on the kind of cattle used and. 
the nature and amount of food given to the animals. Тре usually accepted estimates of the 
area which can be tilled by a pair of bullocks varies from 4 to 5 acres according to many 
economists. It may be said, therefore, that the tota] number of plough cattle in Bengal before 
the famine was just sufficient or fell slightly short of requirements, 


r reasons explained in paragraph 
The present enquiry supplied 
ea under aman paddy in 1943- 
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one 
2 incidates the position of plough cattle 


6.4. С iti 1 
ае position after the famine. Fable б 
tained between April 1943 and April 


after the fi 

е famine, bas 
ЖЫШ: өз 3 on estimates of the net loss su 
t4 s, during the Bengali year 1350) 7. 
IBER (IN LAKHS ) OF PLOUGH. 


THE ESTIMATED NUM 
APRIL 1943 AND APRIL 1944 


T 
LABLE 6.2. Nu 
NUMBER, PROPORTION AND 


CATTLE IN AP 
a 75 ЕП, 1944 AND THE NET LOSS BETWEEN 
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"" С (sample sur pad ago ios C of plough cattle 
April April net 1043 Ары ee Aged net пеон 
э: 1944 loss —]00) cens UU cum 
sS = us sample census sami у; 
" а 1940 survey 1940 я 1940 1 8 
MM 2 (3) (4) (5) (6) (7) (8) (9) (10) (11) 
236. 
ihe x 2764 2318 446 1614 16:32 15:13 13:09 12.69 2-63 2-44 
4561 3778 18 7:17 т 
class С amis ams 18 Им 900 40 25.25 2192 539 454 
85 3738 347 3:50 36:32 37.20 33:23 34.12 3:00 3-17 
17 68:73 10:95 10-15 


rural Ве 8 
Bengal 11410 " 
9834 1576 83:12 18:88 72 
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Io ime surveyed 13-81 
oach el zhts used aro pi A ү 
class of t го proportional to the number of plough cattle (according to the С: 1 
he Industries’ Department classification. S ensus of 1940) in 
nsus [cols.(6); (8), апа (10)] 


е basis of the cattle ce 
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the census basis (col.10). The 
Je and 72 lakhs on the census 
plough cattle in April 


ted on thi 
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st about 11 lakhs on 
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little more of 


The loss 
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a total loss керй aample survey [cols. 
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Sls. Inr à 
1944, In кы figures there were about 70 lakhs or à 
any case a loss of 13% of plough cattle must have seriously aggravated the shortage. 
een from col.(5) of Table 6.2 that the 


Tt will be 8 
the proportion 


6.5. C 
Cattle loss during the famine. 
ttle does not tally with 
1% in Class (А). 


the classification, 
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avier, 17.20% i 
however 8 „17.2% in Class (B) as 
„occur i М 
analy: ur in two different ways 
Table 6.3 gi 
eath’ or sale’, 
н DEATH 


sis i 
Cattle n : herefore necessary. 
st duri Өз 
uring the famine through ‘d 


ей 
ABLE 6 s 
6: 
3. Proporrion AND Staate? NUMBER OF pLouGH CATTL 
OR SALE AND GAIN BY PURCHASE BETWEEN APR 943 AND APRIL 77 
number of pl estimated number in lakhs 
el mberot TR NM of plough cattle 
ass owned EC b meres вэ red) owned ange potwe' 
А ngo between 1 A 944 
in April A ҮТ Арш April 1943 & Apr 
Apri диш ш тШс EN 1943 е 
943 dead sold Pur: dead sold pur. (gente) dod 890 юй 
"m ёһава hased figure) 
p 12 
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Col. ) of the table shows that as regards sales of plough cattle the gradation by class is “Шу 
maintained. The immediate effect of distress would be to stimulate sales of cattle ; it 
would be seen, in fact, that the effect of the famine was more severe in this regard in Class (A). 
Cols.(6) and (8), however, indicate that both the rate of death and the rate of purchase were 
heavier in Class (B) than in Class (A). The heavier death rate is somewhat anomalous, but 
may have been partly due to the outbreak of epidemics known to have occurred in certain 
(B) areas, such as, Bhola in Bakherganj district and Nilphamari in Rangpur district. 


6.6. Cols.(6)—(8) and (10)—(12) show that in all classes ‘sales’ were heavier than ‘deaths’, 
and were nearly twice as frequent as deaths for the province as a whole. Replacement was 
comparatively small being only a third or a fourth of the loss by sales. Tt should be noted 
that the difference between sales and purchases was much greater than any thing that may 
be considered to have arisen from sampling fluctuations. It is clear, therefore, that the 
transfer of cattle did not take place merely from one rural family to another, but that there 
were large purchases by outsiders (possibly military contractors for the supply of meat for 


consumption by the army) as movements of cattle from Bengal to other provinces were 
negligibly small. 


6.7. Provincial estimates, as shown in cols. (10)—(12) of Table 6.3, indicate that of 
the total gross number lost (about 14.4 lakhs), sales accounted for 65.0% (9.4 lakhs) and 


deaths for 35.0%, (5.0 lakhs). Purchases made up for the loss to the extent of only 24.0% 
(3.5 lakhs). 


6.8. Family distribution of loss of cattle before and after the famine. Figures for the 
over-all loss of cattle does not, however, show how the families which owned plough cattle 
were affected. It is clear that if an agricultural family loses all its plough cattle then it would 
become very seriously handicapped for agriculture. On the other hand, a family losing 
a portion of its cattle might be still able to do something. The position would be, therefore, 
far more serious if a considerable proportion of families had lost all their cattle than if the 
total loss had been shared partially by most of the families, Table 6.4 gives the proportion 
and estimated total number of families which owned plough cattle before 


wer i the famine in April 
1943 and after the famine in April 1944. 
"TABLE 6.4. NUMBER, PROPORTION AND ESTIMATED NUMBER (IN LAKHS) OF F. 4 
£ * FAMILIES OWNING 
PLOUGH CATTLE IN ÁPRIL 1943 AND APRIL 1944. | Ж 
number surveyed É i i ili 
E - . oup nd estimated total по. in lakhs of families 
owning plough cattle owning plough cattle J; anuary о 


i lough losing all 
lass total = 194: wning plong! 
M April April April April i cattle рош 
rasai 

1943 1944 1943 1944 April April between 

1943 1944 April 1943 

& April 1944 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

nds K 4731 1267 1114 26-8 23.54 984 9215 саб indi 
Class B (HE COMER М GER Odes до eu" oos тав 
Class C ii WE LE C - UEM 
rural Bengal 15242 5192 4711 35.26 32.98 102-4 T 38:08 89206 


ights used for preparing the provincial estimates are the number а: ^ 
© ensue cl 1941) in each class of the Industries Department classificati of families (according to the 


on. 
386 


AFTER-EFFECTS OF THE BENGAL FAMINE ОЕ 1943 


as a whole, 3.06 lakhs of families (or 8.5% 


Со\.(10 
(10) of the table shows that in rural Bengal 
had lost all the 


= aut of SG ti lakhs En 
poor —— — which had owneü iow cals eil. 1943) 
y had. ese families were, theref à a 
, Моге, practically incapacitated Tor agri 
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operations. 
6.9. Summary of conclusions. 
(1) The total 
> al number i 
nber of plough cattle in Bengal before the famine was just sufficient 


or slight ly less of the 
d sss than adc B Р i i op 
id quate for the cultivation of aman paddy, the main er I 


province, 
(2) The estim: 
(авео 156 estimated net loss of plough cattle in Be y. 
^. DM the famine period between Ар 1 048 and April 1944. ee 
' his heavy loss of i И cor 
s heavy loss of plough cattle during the famine is likely to affect seriously 


agric às > 
5 ви operations in Bengal in future 
4) Sales chal. 
Sales (9.4 lakhs) accounted for about 65% or the greater part of the loss of plough 
Replacement by purchases 


cattle ; and 
Ж. cattle de ; (5 ail P 25 
(8.5 lakhs) was le deaths (5.0 lakhs) for about 35% of the loss. 
" i to the extent of only about 24% of the total loss 
@ sale E a 
Sales of cattle largely exceeded purchases showing that transfers were made 
by outsiders 


not merely f 
dy f T и 

(possibly | rom one rural family to another, and that large purchases were made 

Y by contr , , : 

(6) contraetors for the supply of meat for army consumption). 
the cattle tl About 3.06 lakhs or 8.5% of all families of rural Bengal had probably lost all 
hey had before the famine making it ractically impossible for them 
deal of adverse effect 


© car 
ту or 
У on nor а ў 
normal agricultural operations. This must have 


on t] 
һе rur 

ral economy of the province. 

6 PLOUGH CATTLE AMONG AGRICULTURAL GROUPS 

cultiy Pe Position before the famine. Since plough cattle is employed mainly for the 

ami ation of paddy, the distribution of plough cattle in relation to paddy land owned per 

ы їп p $ ел] position. Such distributior among 

i bene ^e sample) would give а proper idea of the ren p 1 

a pril 1943 is shown in Table 6.2. 

aon JA OF PADDY LAND OWNED 
URVEYED 


B AND ARE 
ATL urs IN SAMPLE S 
share of paddy 


p PLOUGH 
OF P ATIONAD в ай 
е ВВА land owned рег 


difficult if not p 
а great 


agric 
Tinti à Sricultural groups as in A 
? 6.5, 
NUMBER AND PROPORTION 


PER 
PAM 
ос MILY IN APRIL 1943 IN DIFFERENT 0000 averag 
[o А у lan: 
* m groups — plough cattle pei ae ‘plough adgy pair of E 
8 total number total pem cattle land 
В families owne families (6) (7) (8) 
Te 2 4 * 37 
m (2) (3) t N AO. 
ture 14710 " 2 
мощь 4852 т614 5090 aint POS e 
agri ro & labour 2425 1875 2616 ii 13 0-16 ы 
у Cultura] labour ә 32 2506 UN 3 3:59 m 
ono ` 2508 3 071 
ultiy 3309 5:5 
| аф 22 
| Other, ing owner 886 627 922 0. dije e 
| C st land dome 
‘ol ў 62 har ]ies 
(8 4481 9 . 85 8 1 зе Каш 
Daj (8) or the tabl ; group «дїї? that in ost 08802 115 ditiona 
fü © Of oattl e shows that in the 8. 1015 This means hey secured enous: addis à 
Rus to ied was 3.7 acres before the m t extent unless * ind + е mean es 
5 Ad on ais ize their plough cattle to the fupe yom the samo O^. ur also W^" i 
| ер air are cropping basis. It will be seen P. éggrict ү nd owne 
name 9f cattle in the groups ‘agriculture f small ame their cattle 0 
g gonuse ol ue ould proper! 
m 


v2 
Por far; 6 and 2.5 acres respectively. 5 u 
very small ? 


mily ; 
ПУ in these two groups, only ® 
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their own land. It will also be seen that among ‘non-cultivating owner’ the share per i 
eir с no onde 8 г 
of cattle was 10 acres of paddy land which is quite natural as, by definition, these families ha 


their land cultivated principally on a barga (share) basis where the bargadar (share-cropper) 


supplied the cattle. Thus there was possibly an over-all shortage of cattle and yet 
cultivating groups had more cattle than they could fully 
problem of plough cattle, like that of | 
tion even before the famine. 


m 

employ on their own lands. The 
{айе ies istribu- 

and, was thus complicated by anomalies of distri 


р. a - I 
6.11. Loss of cattle during the famine. "lable 6.6 which gives the loss of plough 


cattle by occupational groups during the famine shows that such anomalies were furthe 
aggravated by the famine. 


TABLE 6.6. NUMBER AND PROPORTION 


OF PLOUGH CATTLE LOST BETWEEN 
APRIL 1943 AND APRIL 1 


944 ву OCCUPATIONAL GROUPS 


owned in percentage chango between 

occupational groups April April 1943 and April 1944 
in 1943 1943 ка 
died sold purchased net loss 

(1) (2) (3) (4) (3) (6) 

agriculture 7614 4.5 9.6 341 11-0 
agriculture & labour 1875 8-0 15-1 5.5 17-6 
agricultural labour 332 9-0 28-8 8.5 29.8 
non-cultivating owner 627 13-6 8-9 7.7 14.8 
others 962 855 14.3 5-9 16-9 


Col.(6) of the table shows that all occupational 
heaviest in the group ‘agricultural labour’, next i т 

From col.(4) it is seen that loss due to sales (which supplies a good indication of the severity 
of distress) was also highest in the group‘ agricultural labour’, next in ‘agriculture & labour 


and then in ‘others.’ It jg interesting to note, however, that loss due to deaths was highest 
in the group of ‘non-cultivating owner’ and lowest in ‘agriculture’, 


s was 
groups had lost cattle, but the net loss У 7 
А ers. 

n ‘agriculture & labour’ and then in ‘other 


per family in Apri] 


affected the cattle position in each occupati: 


TABLE 6.7. NUMBER or PLOUGH CATTLE OWNED PER FAMILY IN APRIL 1943 
AND IN APRIL 1944 BY OCCUPATIONAL GROUPS, 
plough cattle in lou, i 1 in mean 
dogs groups +, ae € P LM о cattle owned number between 
families "owned СШ ‘owned, Ар, Apri “April 1044 
(1) (2) (3) (4) (5) (6) (7) (8) 

agriculture 3288 7614 3077 6745 2.32 2-19 —0:13 
agriculture & labour 988 1875 863 1537 1-90 1-78 —0-12 
agricultural labour 179 332 128 226 1-85 1-76 —0.09 
non-cultivating owner 252 627 228 543 2.49 9.38 —0.11 
Stars 485 962 415 783 1-98 1-88 —0.10 
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Col. (8 of T 

— "a shows that in each occupational 

that families 22 җе cattle owned per fam 

à pair is india i 000 rola, still tended to own 

spensable for eultivation purposes. 
6.13 л T 

of 3 z ens owning plough cattle before and а, 

such cutily Бой = I. aine c^ only when comparison 

in Table 6 8 «сан кн the famine: Relevant figures, 

and after tlre Tinsi ur the proportion of 
amine in April 1943 and April 1944. 


NUMBER AND PROPORTION ОЕ FAMILIES OWN 
EACH OCCUPATIO 
percentage of families 


TABLE 6.8. 
Арвль 1944 IN 


Арки, 1943 AND 2 
number of families surveyed 
— 
ttle losing all 


owning plough са 
= — plough AE mm 
сера ADU tile pri 
'upational 1 7 200 poen КОШО 1944 in April 1943 
MBs total Ы: Р April 3944 total owni SS 
А Ж * ill 4 wninj 
in 1943 & Арп families кые 
4 ) 8 (en (6) " MDC 
Agri & 2 
8 4832 3288 3077 nio LOMA $ ЫЕ: 
Р 4552 3388 7 
rie 
Culture & labour 2425 988 363 125 41:8 y^ ir pe 
agric NES Mad 8 2 3 
Cultural labour 2598 179 128 ai yu 8 ШУ Чар? 
поп. : mum T 25-5 2.9 9.5 
Cultivating owner 886 252 238 M DE х 
others m 11:0 9:5 1:5 14:4 
4481 485 415 
Co] fter the famine the proportions of 
291. (6) a E efore and alte , 
) and (7) of the table show that both Е пе вто i agriculture" (69.0% and 64.2%) 
jest in“ and after the famine. А fair 
^had plough 


fami 
milies D 
es owning plough cattle was heavt 


and 1 
lext in аот; 
in ‘agriculture & Jabour’ 


Prop H 
ortion (2 5 
n (28.49/ before and 25.5% Ak wo oth groups. 
* he Proportion 


ent than the 
0, 


catt] 
€ but to a much less ext 
15.190 € 


ily after the famine, 
at least а pair, for the obvious reason that. 


families in the sample 


group there was some decrease in the- 


but cols.(6) and (7) indicate 


ter tlie famine. Consequences of loss: 
s are based on families which owned 
by occupational groups, are given 


owning plough cattle before 


ING PLOUGH CATTLE IN 
NAL GROUP. 


Josing all plough cattle 


owning plough cattle 
between April 1943 & 


April 1944 to families 


owner 


‹ е 
3% au it non -cultivatins i 
In ‘others’ (11.0% and 9.5%) 


of families owning plough 


of the manner in which the 


and ‘arri 
agric 
catt] gricultural labour’ (7.776 anc 
© was negligibly small. пеле 
61 т Е тола е natural or agriculture’ and ‘agri- 
di 3.14. The above distribution 18 The two grou is 
iffere + define land shared on barga; 
: nt occupational groups have be eir o land or \ б 
culture & labour'd 1 inly on the oultivatio рів Purpos Non-cultivatt OT 
; labour'depend maim y é е thus e 
2 they uui acit maintain plough d A cropP! sis, meg 5 Ju 
" Ы гау ae те" natura 
Y definition, have their land cultivà pid g non-ag ета! ато" ж Ж 
maintain | 10 1 „Others“ езек ш” their living one fac 
* many plough cattle. M * gral 1a 0 n fact 
do not require yn sa Finally: н gricult fford to keep plough cattle. T 
basis. quire plough cattle. - up UOT Gal not a. tely trie to obtain land on karge 
ithe and they have to do this рес!" Е immedi el of ‘i griculture & labour 
ley did have plough cattle they Y uic 1101 mic 1 2 1 
(share. . o into ће bis can be appreciate T 
croping) and thus moved uP те th De erjeulture’ and 
з еў oups 
Ё ition © Ji the groups ў 
th 6.15. "The seriousness of the pos s palf of the familie | le. bren n normal times 
© fact that roughly one- fourth an d т any ploug? 
respect “у € 
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‘the cultivating groups themselves had to depend appreciably on hired cattle labour. Col.(8) 
shows that, proportionately to their total numbers, it is among these two groups that the 
largest number of families (4.8% and 4.9%) had lost all their plough cattle during the famine. 


6.16. The relative deterioration was, however, different. This is shown in col.(9) of 

‘Table 6.8 which gives the percentage of families (in each occupational group) which owned 
plough cattle before the famine but had lost all such cattle during the famine. The loss was 
heaviest (28.5%) among ‘agricultural labour’, quite heavy among ‘others’ (14,4%) and 

- ‘agriculture & labour’ (12.6%) ; and 9.5% among ‘non-cultivating owner’, and 'owest in the 
‘agriculture’ group (6.4%). On the whole, the loss was relatively highest in groups which 
owned less of plough cattle before the famine. Anomalies of distribution were thus further 

aggravated by the famine. 


6.17. Summary of conclusions. The position of plough cattle in rural Bengal among 
agricultural groups is summarised below. d 

(1) There is а small over-all shortage which is aggravated by anomalies of distribu- 
tion. In the three major groups (‘agriculture’ ‘agriculture & labour’, and ‘agricultural labour) 
there is a surplus which would be wasted unless they get enough additional land on barga. 

(2) The mean number of plough cattle owned per family decreased in all the 
groups, but the reduction was largest in ‘agriculture’ and ‘agriculture & labour’, the two 
groups mainly concerned with cultivation. 

(3) Total loss of cattle was also heavist in the two major groups ‘agriculture’ and 
‘agriculture & labour’. Even before the famine a considerable number of these families di! 
not own any cattle ; their number increased during the famine which is likely to have 

serious consequences on agriculture in Bengal in future. 
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TABLE 7.2. INDEX NUMEERS Ор 


OF DESTIN, w № 
JANUARY 1943 дхр May 1944 E TON A 


2 BETWEEN 
ND ECONOMIC Won чанына БУГ 
ONAL GROUPS As IN JANUARY 19 
Eton 5 families index number — 
Ecce — — 
living in Sufferin economie index of " 
occupational groups Januar economic deterioration destitution averag 
1943 Y Aeterioration 100 x co] (3) [col. (4) of 
etw oe; d 4 8 
January 1943 ео]. (2) ) table 3.6] 

a (y © May 1944 " 
agriculture 39. (3) 2 ( 
agriculture & labour 18 85 27 -88 (4) (5) 77 
agricultural labour 16.66 21-99 85 22 7 
non-cultivating owner 6-11 11.39 131 
others: 


24 78 
25.18 1-75 67 89 
ШЫ ло О 


20 
37. 28 30 98 _ 
РҮ 2 133 62 - 
craft 105 2.19 Б ͤ —— 
husking paddy 1.97 dip 161 223 88 
transport 1-72 0 99 77 54 
trade ? "66 1 WS 25 79 114 
Profession & Service 6 30 23.07 154 75 204 
non-agricultural labour 0 98 4.93 379 37 52 
other productive Occupations 24 1 147 64 40 85 
7 Ee 51 M er 
living on charity "s B. Ve = 52 ä 
total 100.00 i, MESS. ©... E" 
D pss — 
1) *Others excludes the group living ick 
с arity’ 


AFTER-EFFECTS OF THE BENGAL FAMINE OF 1943 


7.6 The index numbers reveal many features of interest from the point of view 
of rehabilitation. First consider the average values in col. (6). It is noted that rural ‘trade’ 
and ‘fishing’ groups were the worst sufferers with average index numbers of 204 and 192 
respectively ; rural ‘transport’ had also been severely affected with an average index 
number of 114, ‘Craft? (88), 'non-agrieulture labour’ (85), ‘agricultural labour’ (78), 
and ‘agriculture & laboure’ (77) were all seriously affected by destitution and economie 
deterioration. ‘Agriculture’ (53), ‘husking paddy’ (54), and. “non-cultivating owner’ (29) 


were on the other hand least affected by famine conditions, 


77. Comparing the figures in cols. (4) and (5) it is interesting to note that economic 
deterioration was a more important factor than destitution in the groups ‘agriculture’ and 
‘agriculture & labour’ while the reverse had been the case in regard to ‘agricultural labour’ 
and ‘others’. Among ‘others’ again, economic deterioration was relatively more important 
in the groups of rural ‘trade’, ‘transport’, ‘non-agricultural labour’, ‘profession & service 
and ‘craft’ while destitution was relatively more important in the groups ‘husking paddy” 
and ‘fishing’. Among ‘non-cultivating owner’ both factors were comparatively small and 
nearly equal, Oceupational groups which could live on their assests for a time were evidently 
able to resist destitution to some extent, but groups in a more precarious position had succum- 
bed more quickly to famine conditions. 


7.8 Differential incidence among agricultural groups. Conditions in the agricultural 
Eroups are shown in greater detail in table 7.3. The index numbers regarding land alienation 
and mortgage [shown in cols (4)—(6) of the table] and those regarding loss of plough cattle 
[shown in cols (7) and (8)] are derived in the same way as index numbers of destitution (table 
3.7) and of economie deterioation (table 7.2). Actual calculations for index numbers of land 
alienation and mortgage are shown in the table 7(A-1) and for index numbers of plough cattle 
in table 7(A.2), 
TABLE 7.3. INDEX 


NUMBERS OF DESTITUTION, ECONOMIC DETERIORATION, FAMILIES AFFECTED 
BY SALE AND 


MORTGAGE OF PADDY LAND AND COMPLETE LOSS OF PLOUGH CATTLE, AND NET 
LOSS OF PLOUGH CATTLE DURING 1943 By OCCUPATIONAL GROUPS AS IN JANUARY 1943 


index number of disintegration in 1943 


occupational families affected by plough cattle 

proupr as in desti- economic — Л 

January 1943 tution deteriora- sale of paddy land mortgage net loss families total 

tion — of paddy in losing 
in full in part land number completely 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

agriculture 22 85 56 122 99 83 69 77 
agriculture & labour 24 131 163 95 120 131 137 n 
Agricultural labour 89 67 263 134 176 231 307 181 
non-cultivating owner 30 28 44 51 56 97 103 58 
others 62 133 13 69 88 135 156 111 


From со]. (9) of the table which gives the average values of the index numbers regardingall 
the four elements considered in cols. (2)—(8) (viz. destitution, economie deterioration, land 
alienation and mortgage, and loss of plough cattle) it is clear that on the whole ‘agricultural 
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AFTER-EFFECTS OF THE BENGAL FAMINE OF 1943 
TABLE 7.4. ESTIMATED NUMBER OF FAMILIES IN LAKHS IN RURAL BENGAL BY FAMILY 
OCCUPATION IN JANUARY 1030, AND CHANGE IN ECONOMIC CONDITION BETWEEN 
JANUARY 1939 Ахр January 1943. 


estimated number of famlies (in lakhs) relative change (expressed as 
— ä bead percentage of families in January 
З in change between 1939) between January 1939 
occupational January January 1939 & January 1943 & January 1943 
groups 1939" — ке 2E: spes = 
improve deterio- desti- ambi- improve deterio- desti- ambi- 
-ment ration tution  guous -ment ration tution guous 
(1) (2) (3) (4) (5) (6) (7) (3) (9) (10) 
agriculture 32.7 шы 2.5 0.2 == = 5 OS = 
agriculture & labour 16:5 04 14 0-1 — 3-42 667 061 —) 
agriculture labour IT^ 12 0-6 0-3 = 6-86 3-43 1*21 — 
mon- cultivating owner ШЕ 0.1 0.2 — = 2-04 4-08 Exo ie: 
fishing 148 05 = 5 = 2178 — — = 
craft i 55 
5:3 — 0-4 0.2 0.4 — 7:55 3-77 7 55 
husking paddy 1:2 = 0-1 0-1 2 = 5-33 8:33 = 
trans 
DORE 13 02 бо x = 15.38 3840 — — 
trado 
5-2 — 0.6 0-1 1-1 — 1:32 1:22 13-41 
rofessi ри" 
Profession & sorvico 79 0:5 1-0 0-1 0-2 6.33 12-66 — 1-20 2-53 
non. agri 
n-agr leultural labour 1.0 0.2 чи — 0-1 20 -00 aş — 10:0 
Others with productive 
Occupations 23 08 | — = (2. а Y= = 8-70 
livin n : 
gon charity 
à у S 04 — — — 5.00. — = = 
ota 5 
i 102 «4 344 7.0 11 2.0 3:32 6:34 1:07 1:95 
Col Я 
ж (7)—(10) of the table 


anuary 1948) the p e show i» during the bein normal period (January 1939 to 
much Bii Den 5 af families suffering eee detorioration and destitution ав 
it is Khen £st Б em e Ae iig who had e their postada: From the bottom line 
improved Share E 1 о of families had suffered economie deterioration against 3.32% who had 

eir position, and 1.07% whose position was not clear. This shows conclusively 


lat the ; 

econom MCN : . à . 

mine its т deterioation had set in definitely in the pre-famine period ; and that the 
itself was its culmination, 


fa 
2 4 n 
Dre Wo oom changes during the famine. Table 7 
"amine (Ja Р 

Periods s m ,1939—January 1943) and in the famine (January 1943—Мау 1944) 
no. change“ i aera mn percentage form) of families in each category of ‘improvement’, 
1939. . йиш нна" > destitution’, and ‘not clear’ in the pre-famine period (January 
Which ein | )are shown in col.(2) and corresponding percentages of families for changes 

à d (January 1943—May 1944) i 1. (3). (It may 

е mentio 4 а y y учуой. - š 

Reus ur ELS here that figures in col. (2) of this table have been obtained from the bottom 
А om the bottom line of table 4.5). Finally, figures 


ing е 7.4 and figures in col. (3) fr 
ies E. “м ave been expressed as percentages of corresponding figures in col. (2) in the 
* numbers which are shown in col. (4) as ‘relative change’. 


:5 shows relative changes in the 


during the famine perio 


e 
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TABLE 7.5. ESTIMATED PROPORTION OF FAMILIES SHOWING 


SPECIFIED CHANGE IN 
ECONOMIC CONDITION BEFORE 


AND DURING FAMINE. 


115 А. ies Tate 
of percentage of total families relative change relative rat 
ioo in [col.(3) as of change in 
economic January 1939— January 1943— percentage the two periods 
condition January 1943 May 1944 of col. (2) ] 
of family 
а) (2) - (3) (4) (5) 
improvement 3:3 2.3 70 209 
no change 86-8 85-9 99 = 
deterioration 6.8 6-8 100 300 
destitution 1:1 44 400 1200 
not clear 2-0 0-6 30 - 
total 100.0 100-0 


Col. (4) of the table shows interesting features, 
improved their economic position in th 
80 in the pre-famine period, "The stat 
families in the two periods. 

the same in the two periods (rel 
rendered destitute was four t 


The relative proportion of families who had 
е famine period was only 70% of those who had done 
"S quo was maintained by roughly 85%, or 86%, of all 


The relative Proportion of families suffering deterioration was 
ative change 100 in col. 4), but the rel 


! ative proportion of families 
imes greater during the fa 


mine period, 


pochs. The number 

Ereater than the number 
anges during the whole of 
d by 3 to give proportional rates 
n in col. (5) of the table. 


of change in the same length of time, 


Опотіс conditions was also quicker 
‘Deterioration’ and. ‘desti- 
a much larger number of 
o Ог 86% of families succeeded 


а great dea] of economic 
Onditions, 


ted and were shared by 


7.15. To put the matter ver 


Y briefly, economie 
in definitely even in the pre-famine н 


ч deteriorati 
period (January 193 Oration, on the w 


hole, had set 
1943): а comparatively 
hile a far large number 
famine period (January 
the general nature of 


uring the 
ated but 


AFTER EFFECTS OF THE BENGAL FAMINE OF 1943 


Р APPENDIX TO CHAPTER 7 

TABLE 7.(А-1). RELATIVE PROPORTION OF FAMILIES SELLING AND MORTGAGING PADDY 

LAND BETWEEN Арки, 1943 AND APRIL 1944 TO THE PROPORTION OF FAMILIES OWNING PADDY 
LAND UNDER OCCUPATIONAL GROUPS AS IN JANUARY 1943. 


percentage to total families index of change 
? — ——ů—ů— 
occupational groups owning selling ! x ; i " 
. Е =. c E so between April mortgaging sale 
asin January 1943 in April 1943 & April 1944 between —— —————— mortgage 
1943 m~ April 1943 & in full in part 
in full in part April 1944 
i а) (2) (3) (4) (5) (6) (7) (8) 
agriculture 46-34 26-03 56-63 45:67 56 122 99 
agriculture & labour 20-76 33-84 19 -66 24 -84 163 95 120 
agricultural labour 4-29 11-28 5-73 7-53 263 134 176 
Don-cultivating owner 9-85 4-34 5:06 5:52 44 51 56 
others 13.76. 94-51 12-92 — 16-44 181 69 88 
total 100-00 . 100-00 100-00 100-00 m — — 


"m - 
Т pones ы). RELATIVE PROPORTION OF NET LOSS OF PLOUGH CATTLE AND FAMILIES LOSING 
TOTAT. een eid COMPLETELY BETWEEN APRIL 1943 AND APRIL 1944 TO THE PROPORTION OF 
а UGH CATTLE AND FAMILIES OWNING PLOUGH CATTLE UNDER OCCUPATIONAL GROUPS 

AS IN JANUARY 1943. 


number ог plough percentage to total percentage to total 
occupational cattle DANBA ОЕ. plough families 
groups as in = „„ 
January 1943 „Owned net loss owned net loss index of owning losing in index of 
in April between in April between change in April total change 
1943 April 1943 1943 April 1943 1943 between 
& April & April April 1943 
1944 1944 & April 1944 
a) 2) (3) (4) (5) (6) (7) (8) (9) 
agriculture 7614 869 66.73 55-14 83 63-33 48-87 69 
Agriculture & 
labour 1875 338 16-43 21-45 131 19-03 25-99 197 
agricultural 
labour 332 106 2.91 6-73 231 3-45 10-60 307 
non-cultivating 1 103. 
Owner 627 84 5.50 5:33 97 4.85 4-99 E 
А 14-55 d 
Others 962 179 8-43 11-35 135 9-34 E: 
100-00 100.00 
total 11410 1576 100.00 100 -00 ^ 
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ON A MEASURE OF DIVERGENCE BETWEEN TWO 
MULTINOMIAL POPULATIONS. 


Ву A. BHATTACHARYYA 


Statistical Laboratory, Calcutta. 
INTRODUCTION 


The problem of discrimination in Statistics is not new. It has repeatedly been stressed 
Mahal: ; A Tow % 
lahalanobis (1930) that mere “tests of signilieanee can not always АА 


all our questi 

lou luestions and for this reason he introduced the iden ol divergence of two populations, 
^ generalised distance” 

Populations with the 


by 


measures the divergence of two normal correlated multivariate 
the di same sets of variances and covariances. Bose and Rov (1935) found 
Cistribution of De, "Mahalanobis's generalised distance" in its studentised form. 


2. DEFINITION OF DIVERGENCE 
( Let two multinomial populations be characterised by the two sets of probabilities 
"b +++ T) and (л' f T 3 1 Ул’=1, (Vn Vm) and (VI ... VI) 
т.т). Then, as Tu- 1 and Хт = 1, (^m улу 


may 4 $ х E wiat 
Чу һе Considered to be the direction cosines of two st. lines through the origin in à k-dimen- 
8 р 8 - 

tonal space. ed to be an 


Phe square of the angle between these two lines may be consider 


Appropri— B » А muss iP 
Ppropriate Measure of divergence between the two multinomial populations. Thus, if the 
g 


Measure 


of divergence be denoted by A? then 
Thi бов = H/ ae, у. . * BS 
US can be written as Р 
Asi A Р -— à L НИС а LE 2.2 
SHE Im (х Ti -N 7, y -4-(N 7 fa )® ius (* пк N ть) ( . ) 


From this latter e 


; 11 (i21, 2, ... k) А vanishes. Also 
When UN 


Xpression it is evident that when 7; 
. k) that is, the two populations are 


А anishes: we Rasa : и 1 
identica] es, we have conversely ту, 2. 
З. DIVERGENCE BETW EEN A SAMPLE AND THE POPULATION, ITS RELATION 
TO PEARSGNIAN X? FOR LARGE 2 

Le : > 1 А 

Чоп witl t be the size of a sample and (р;) be the observed proportions taken from a popula- 
} a Uu "ti ы 2242 * . H n 

Sample ff Proportions (7,). Then, from the definition of divergence, the divergence /? of the 

rom the " 


population is given by 


k 
3.1 
cos В = XN рт, (3.1) 
ied 
Where Й 
leil is of the order of 
(3.2) 
1 
Sn 
17 


PLOT (ce ART 4 
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от... 7 à 

where Aan —nz,)/nz, the Pearsonian x? and ¢ is O (1/0). Thus 


„ а R 
2 sine =! > 


Й 


ў values of & 
imately, when и is very large. Now we know that, for large value: м; " 
ximately y at, Ae iin ME, 

Wc: VI J is distributed normally with unit standard deviation. So, x? is of the orde 

(Ма k= А 

of k and x?/n is very small. 

So, finally we get ; 
2 ЯГ 


Bie d.e, B=! 


(3.4) 
Fal т 


4. ASYMPTOTIC FORM OF THE MULTINOMIAL PROBABILITY WHEN „ IS LARGE 


We know that the multinomial probability 


т! : np, np. пр, 
iu SH i T 
(npr) ! (пр)... (np, "з ) Tk 
Г ХР 
— const.« E 1 OPEN dp, 
—2np? MPG NR N Tk 
— Const,e 


dy р. dy p,. sHi dy m 
* — — t= 2 2 
for 4 PIN Ti+ (pi—; ES т) 


Tj 


(by Taylor's theorem) and so dy p; 


dx =; Approximately, f 
is О (1/2!) 


Or zi 4 o and (руя) 


—2np* 
— Const, e ds 
volume given by dA/p, d V 
The above could be seen to be true 


(4.1) 
where ds is an elementary 


++ ЧМ, subject to Xp-1. 


also from the following Considerations. We know 


that the multinomial distribution may be considered to he Composed of a number of Poisson 
distributions. s 

"Thus 

n! 
(пр!) ! (np J. (p, 71 
мі * ë = npy 
"E (ить) 
(e. 
я We also know (Bartlet 1936) that in 


Poisson’s distr: 


; r P and 
ibution if x is the observed anc 


d about / non Lowe 9 sviation 
1/2. The above expression becomes 3 "ошау with standard. dev 
R Р 
8 MN Pal туг eur um. qu ug 
Const, е dq йе n NN ру * %, 
Ф ы m VD. e N 
2% (VHV туг 
= Conste 141 . dy y, APT E 
e E E EN 
z-5 їп? £ 
— Const, e 2^ віп dg ^ 
—2nf* 
~ Const. е ds 


(4.2) 
he same as (4.1), on the Supposition that # is very Small, 
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5. GEOMETRICAL INTERPRETATION OF THE VOLUME ELEMENT 


As the point (y рү... уру) lies on the unit hypersphere in the k-dimensional space, 
dV p, ... dy p, is an elementary surface volume of а sphere round the sample point, say S. 
With this geometrical representation, the probability of a sample is completely representable н 
on the unit hypersphere. Assuming the law to hold for all values of J, we may find the dis- 
tribution of For keeping X fixed if we integrate out over the available space on the sphere, 
We get something like a zone of annular space. The volume of this space is proportional to 
[77d (for the volume of the zone is proportional to sin*-27 and so approximately to 200), 
So, the dist tribution of іх 

—2nB? 5 
Const, e i 6 dB e Bg 

which is also obvious from the relation between В? and xs. 


6. DEFINITION OF DIV ERGENCE BETWEEN TWO SAMPLES 
" * В n 5 a N E rai ч 
Corresponding to А? in the populations, we have the statistie defined by 


| 808 N Din FN mas deesse HN рр’ 
Where 2, n’ are the sizes and (p;) and (p';) are the sample proportion. This is not an unbiassed 
estimate of As. 


7. RELATION or D? wire PEARSONIAN X? WHEN A=0 AND n AND п’ 
ARE LARGE :ND EQUAL TO ONE ANOTHER 


When the sample sizes are the same, namely x, we can express D^? in terms of Pear- 
Sonjan X2, For 


k k 
cos D = { три =1У pi =p a 
i> ma 


k | (p, =p F li 
iow S жу; = Жы. EE 
E (nit PH (pi р) | 


Е МАРР (pipi a и | 
SPE forbes о | 


(pin? „з 


by the binomial theorem, because (pit pi’) 


ү Ги unm rs 
Td ueteres py ы 


= Tas АР, „ ИВ 
3 Gigi) 


; f 1/n?. 
Now, A? being zero, (p, —p’,) is of the order of 1/4/n and so = is of the orden ФЕ J 


So, when z is very large, . Pe 
| „ (pi—pi Y vs (1:2) 12 

2 ain? . = трг è м 7 
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1 (G19 Ё 
The sample values are np, and пр’, (i—1, Ер 


EI 


So from the usual method of 
calculating x? we get 


D - ) 
is ( тру! ) ч ( пр 


F 2 
1-1 5 


2 


к (npi—npi')* 4 QU 
S Ni Epi 


This X?, we know, is of the order of 2k . So, x? 


7 әү 25½¼ Т)’/2 — x2/4n 
j^ is small and as from (7.2) 2sin? P/ a X*j 
we get D?=x?/2n. 


From this relation it is evident th 


at on the null hypothesis, the distri- 
bution of D”? follows the distribution of x? for very large 


samples. 


8. DISTRIBUTION ор Р? WHEN A*=49 


Let there be two samples with sizes „ and n’ and proportions (р) and () taken 
respectively from the two populations characterised by (Ii) and (T). Let £2 and //? be the 
divergences (i.e. square of the angular distance: 


8) of the two samples from their respective 
populations. Then the joint distribution of the two samples is 


— 28 
Const. е 
where ds and ds“ are elementa. 
points. Let P and P' be the population points ( 
sphere), S and S’ the sample points (with the same convention as 
Then А is represented by P P^, р, by SS’, and В and f by SP 
tions of ава р’ we know, when n and »/ are very lar, 
That is, the probability of a large / is so small that, 
ded to lie within a narrow zone about the arc PP’, 
zone the probability of getting samples is negligible, 
be a portion of a cylinder ion of this 


ping cylinder oscula- 
: с be regarded to be coincident with the zone itself). 
We may develope out thi i па; : lesics 
—1) dimensions where the geodes 
me elementary 


ds e (8.1) 
he unit hypersphere, about the sample 
le, where the population lines meet the unit 


ry surface volumes, on t 


the population points). 
and SP“, From the distribu- 
ge, that these tend to become very small, 
for all practica] purposes, 

Similar is the case for 


This narrow zone m 


Р may be regar- 
В’. Outside this 
ау be conceived to 


ds“ becor 
in this flat of (k— 1) dimensions. 


areas (i, e. volumes) 


) flat space let the coordi- 
bespectively (=I, 2, ... k—1). 


$45 


and (% 


2 
—2np* —2»'g' 
const. e 


ds ds! 
39 — k-1 
CAE (raj —2, У (а =ar)? 
= const. e 1=1 i = k-1 
II da , 
i i: Uda: 
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DIVERGENCE BETWEEN Т 
F ERGENCE BETWEEN TWO MULTINOMIAL POPULATIONS 
"rom this it is easy j ы 
it is easy to deduce the distribution of (ri i ) in the form 


,U d k-1 
| qnd (er) 
E 


x 5 
Const X (1—71) —2 X (x, —2 ЖЕКА Е 
Ist. e i X (ау -) (-= + X (ar-, 
i 


From this by ; i 
sby adopting the method employed ly Mr R. C. Bose for. getting the 


distributi 
ition of i 
1! of the classical D? (Bose 1936) we get from the tbove 
g above 


3 Эп! | 2 | 
Const. e a | ой 
J (D' sin 6) b 


Where р” Еч ( k 
= жүн Үй. АВЕ TT 
Kt г’), X N (a;— a")? and D' cos 0 = S (n ау) (a,—4;) 
= d icit р" i 


i 
Int | | 
egratin ч " 1-1 
grating over 
g over () from 0 to 2z we get the distribution of D' as 
2 ig 
- D +A? 
Gom pe, om Hn’ \ 2h aun, 
1 " Da ( „ DA ) 
Kn n' 


Wher х 
те I is 
8 à Bessel fi i 
St unction of rely imagi 
purely imaginary argument. 


9. ApPRONIN ‹ о p D HE IS VERY SMALL 
NIMATION FAA \ 
ANI WHEN 8 V $ 


We know 
Lo жазбы дын 1- (m yT 
3 i + 2 
s elacing «08A by 1—=A2/2 клан did 
imilarly ру y 1—A2®/2 to a first approximation we have A2—X(m—7,). к 
of У D*—X(p,—p')*/(pic-p'). Thes 5 
% ED). These wer» suggested by Prof. Mahalanobis as à measure 


diver, 
rgence | 
B )etween tw i i 
two multinomial populations and samples therefrom 


10. SPE е 
i SPECIAL CASE OF BINOMIAL POPULATIGNS 
et there be tw. А А 
‚ two i : x 

binomial populations efined by (пи, тә) and (т, я") from which 
are taken respectively. 
ro with unit standard 
t far 


two 
D sam Si 
ples of sizes i 5 
sizes n and п’ with proportions 
п proportions (pi, De) and (p^, P's) 


Then Ne 
ied that n(p,—75,) VH) is distributed normally about ze 
differ. Subject to the condition that » is sufficiently lane and both 7, and l, no 
we have (sin! Vi- Sin- мт) 
in Taylor's series). Therefore 
andard deviation. 
) is distri- 
that 


t fr D N a 
ibd 1 — pin un A t e same assumptions, 

P 
Similarly ру зіп уту) is distributed normally about zero with unit st 
uteq ый a the 7 same set of conditions, 24/n(sin-^/p/, —sin 
h unit standard deviation. So, from these two it easily follows 


2 1 n | " Ss gu "m т | 
ү п-т’ 1 (n p, — Sin- N ШУ -( siny m зіп ү у] 


18 
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is distributed with unit standard deviation. 


18 18 5 
= EI : A, a „ Yearly this is 
sin IVI sin- If and the sample estimate is Sin hi- sini. Clearly 

particular case of he general problem which degenerate: 


dv 
5 Seeumenco 16:018077 
Here the population divergence іх 


2 Е E 
s Into it when k—2. 
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TESTS WITH DISCRIMINANT FUNCTIONS IN 
MULTIVARIATE ANALYSIS 


Bv C. RADHAKRISHNA RAO 
Statistical Laboratery, Calcutta. 


INTRODUCTION 


ees In a paper (Rao : 1946), the author has considered a general method of arriving at 
ШЕЙ sienties crassus Е А NS 

e studentised statistics which are to be used in tests of linear hypotheses when the 
ен ca of variables 


RA whose expeetations are linear functions of unknown parameters, 
are indepe Y m > mn T " s, 
pendent and have the same variance. The principle is to take a linear compound, 


ier mide restrictie of a e functions and maximise the ratio of its estimate 
Standard. error of this estimate. 

These methods can be extended to the case of observations from multivariate correla- 
ted populations and it is fi 1 that tests of significance can, i * — 4 
8 =: ` ound ла n 0 — can, in many eases, be carried out with 
th Gin ба е tables of апа F alone. 1 he general pa of distribution connected 
1 % : istics snc at by the above principle has been discussed below and solutions 

ew problems which appear to be new have been given. 


2. THE PROBLEM OF DISTRIBUTION 


In the problems considered by Fisher (1938, 1940), Bartlet (1939), the tests of signi- 


fica 
nee concerni faciat г i i Я і 
ня ев discriminant functions were derived by drawing ап analogy with the 
Neral regressi | à К х > iles н 
" : regression problem involving pseudovariates. — In cases where the introduction of 
Sseudovari: € " xs x а ^ ы 
ariates is not possible we may use a standard distribution derived below. Let 


у ss (92) 


Su. Фа. ey 
1s *. ks 
be 5 se d " р 5 2 
Sets of observations on h variates ау v, characterised by the probability differential 

y хө» ЖЫ \ 


d 


— Ца — m)? r .. (22 


Const. e кетин kde dite was tg 


ж, by a point P; in an Eucli- 


We 
ШЕ repres, B E . 
này represent the s observations on the j-th variate хи, 


de " c А = 95 5 ELO * " 
an space of s dimensions or by the vector OP; where O is the origin. The whole sample 


of ob; А A m c m : 
Observations (2.1) may then be represented by vectors OP uenis OP, in this space. Let 


On 
A represent a vector of unit length along a line which makes equal angles with the coordinate 


> > 
Xes. The vector OP, consists of two components one along OA and the other orthogonal 


— 

> > 2 
to OA so that products of vectors OP; and OP; contain contributions due to components 
In this case 


i S я М : 
n these two directions which may be represented by ууу and bi; 


} ss (2:8) 


respectively. 
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| Pari 4 
i 2.1) is diagramatically represented below 
i f the observations (2.1) is diagrama N 
The configuration o: 
А 
Py 
Q Ar 
Qn Pr 
8 
P, 
Fig Та 


where Q; represents the foot of the perpendicular from А to th 


© subspace constituted by the 
> E ^ ^ ^ е 
vectors OP,, ...... OP, The angles 40Q,, QOQ, and Q,0Q, are represented by ø, 9 and yr 
respectively. "The magnitude of AQ; is given by 
2 | by, | 
M Аб = —— 1 ra |. ЕЕ ae 24 
E | botst T, | (P4 1, кой]. — ( ) 
1 
=, 


їр py (у рч 
where V, = X р sX Tq and b are 
1 1 i i 


2:071 2,......5 
We are interested in the 


*he elements of matrix Ü ‘ 
i 


) reciprocal to (H) 


distributions of Statistics V. 


and (--Vy y] given by 
ү cos? ф сов?) | 
RETE cos? ф cos? 
LEV Ai } (2.5) 
апа ly. I obe ine | 
We may find the distributions of У, and U = У у 1—1 The dosi dietis 
— 
of , 0, , and t the length of OP 


1 is derivable by t; 


tributed by al increments to ġ 


aking the 
›0, / and 4 


ав Product of the volumes con- 
allowing infinitesim 


as 

М4 5m t cog f COS 0 cog y, 

Const, e tei dt 

H s-k-1 08 3] 
ben 6) "I$ (соз g sin др Фа S (26) 
(cos ф cos g Sin ) 2 cos É cos 9 diy 
Integrating over the above тейибез. to 
= s—]—(r—2)/2 
Const, e t 4 


24/s mt Cos $ cos g 


) 


(sin d) 1 (cos 9) (cog 8y-1( 


sin брег di 4даө .. (2.7) 
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Intergrating over / which varies from 0 to © we get the distribution of ¢ and 9 as 
Const. (sin ф) *-*-! (cos $) * (sin 0)*-7! (cos 8)! 
% LES 5/2, r[2, 2зӊт?соз?ф cos?0) аф dé * (28) 
anging over to the variables V, and U we get their joint distribution as 


x Ee 7 
const, Ve „ . (5/2, 7/2, 2 ame m ) , .. (29) 
(1 БҮ.) dw 
: + Se 
* suo .. (2.10) 
(14-0) 7 


Which s - 7 " s TEM " TR. = š 
7 shows that V, and U are independently distributed. Since the distribution of V, and U 
are directly dosis a "e pae " и . ; 
тес у derivable from the joint distribution of means, variances and covariances given by 


(хур) a cel 


Conste [би | 2 в dri s dbi, .. 22.10 


ve arrive at the following lemma. 
Lemma. И the variables ED acca z; and €; (5j 1, 2 . 00 are distributed as 
p —iX(Gi-reu tau Ш kel 
then Const. e ci: mdzj made e» (4) 
: Ade ror pu А В 
(i) the statistic V. Ne 2,2, is distributed as 
tue а 
ыле 4 Ys 
Const. all CE 1° , 2 — ) av, .. (2.13) 


80 th; ; SES . 
( that when [—0 the statistic V (q+1—r)/r сап be used as the variance.ratio with » and 
T--1—r) degrees of freedom and 


(ii) the statistic U—-[(1- V,)/(1-- V;)]— 1. is distributed as 


Const. u: dU 
(L4-0y 87 ке 
è that U(g 4-1—12)/(l—7) ts be used as a variance ratio with (k—7) and (q+1—k) degrees 
9* freedom = 


3. GexERALI-ATION OF STUDENT'S / 


di; | test connecte vith "S ervi S lmits generalisation in tW 
ect St S SU c ected witl pairs of observ ations adm! g two 
lons 
5 ost whe t » s of relat variates are he same on the basis 
e first is to test whether the means of p correla еа vari 


of 
а Sample of size n. e + 
l " Р the i-th samp 
№ ТЕ sexus жы are the observati ns on the variates un » subject to the 
е rep], ^ SA xoa м 
place the observations by a linear compound х= whether the mean 


тезе у ; Я ‚ reduces to testing 
ction I CI I=. The problem, formally, re js o /nix]s where 


Value propriate statistic for this 


ОЁ the variate x is zero. The ap] 
N 1, Byte eee Рр | 


(3.1) 


= 
Чаи". 
li x NN E 
E SRM sy 
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T imis is s istic 
s s S C se this statis 
I i 1 e chosen 50 as to maximis Е 
he с mpounding coefficients lis EET lp ar : E p d m 
tant times this statistic Deno ing the maximum value ot NX dL П 
ог а constant ti Е t 1 f Y e 
V root of the dete "minantal equation. 
һе f rmu 
get р-1 88 t 


У, | 


E - . (3.2) 
een 
Vel 1 i 


To find the value of Vo- we may follow an 
problem of distribution as well. By arbitrary choi 
тет combinations 


> 

; i ads to the 

alternative procedure which leads to * 
се of constants we can construct (p — 


e (3.3) 
Yi = mi, Tide... him pay 


А e as. 
such that Ут, o for all ELO. (p—1). Choosing a linear compound y, . Lr, 
Of a, д»... a. such that 1=0 is same аз choosing an arbitrary lincar compound of уу, ems 

$ Е сы are free 
as defined in (3.3). If we choose the linear compound А+... +A, Yp-ı Where A's are fr 
and construct the Statistic 


v= ù pnr. — Араў Vn 


.. (84) 
VEX AAC, 


where ¢, =, 


„! А 
TINY. — 5) We get the maximum value V 51 Of 
equation 


У as the root of the 


| ngis;- Улас So, ny = Tuo Los (0—1) «s NOR 
m У Хлеў, ў „ (9.8) 
1 * 

Where cii are the elements of the matrix reciproca] to (c), i, j 
mised values V,-1 and V p in the two cases mus 
Nr pt immediately follows that the Statistic V 


Same so that V, ,— 
parameters Mij such that y 7,—0 chosen to со 
i 


* H H ч ки f 

көкүл, dg Invariant, for апу system о 

nstruct tho (p—1) variates , Yp-1 

n general we 7 Se а set whi}, : Зе pss 

Tn genera тау choose а Set which introduces Simplicity in the evaluation of the statistic 
р-1' 


The distri butio 


п problem is 
V. from the joint 


i ve need only fi istribution of 
distribution of ӯ’, Зо find the distrib 


S invariant under linear 


Yı are zeroes. The mean value of y, 


dean values of all y's except 
value of m in terms of т, ... 7 


» П hypothesis. The actual 
? the mean values 3 Я ў i ч 
| TE 5 ибт... "n and their variances and 06 
variances o, is given by the root of the equation, 
Mi Mmj — m2 Qij 1 | 
т РА E p tee [EQ 
| 1 


е т 
0 | .. GH) 


| 


DISCRIMINANT FUNCTIONS IN MULTIVARIATE ANALYSIS 
Since the probability density y's and cj is given by 
„T ` = 
Const. е S (Fi? + en) + nm Ji EA AL—E .. (3.8) 
Weise ne ee 
Ve get the distribution of V р-1 as (2:13) with r=p—1, q—n—1 and f—4/n m, so that to test 
may use the statistic V, ;(n—p--1)/(p—1) as the variance ratio 


the null hypothesis à —0 we 
It is also instructive to ascertain the 


wit —1) : — 
м (p—1) and (x P--l) dezrees of freedom. 
values of Б li ici È i № 
E > holy of the compounding coefficients of the original variables so that we have a 
owledge of a contras adi i i ici 
Ze of a contrast leading to maximum diserepaney. The coefficients Ies. 1, are 


obtainable from the linear equations 


ДЕЕ? * — V On) desse +p (пж — Vp 1000500, d = 1, ® „у, -P (3.9) 
and rl 
210 
Where p is also а variable to be solved for simultaneously. 
On the other hand we can also test for the significance of t s} ecified contrasts 
Yi һу 4 . iel a5, i = O 81,3 аа 0 
W. : 
need only take a linear compound of y's and maximise a certain statistic, It we. denote by 
dU = X (y, —5) (y, yj) (3.11) 
then the appropriate statistic is 
(3.12) 


Vi = L dis; 
„„ The quantities d,; 


Where "5 8 
€ dï ure the elements of the matrix recipro-al to (dij): à, j—1 
test Юг the significance 


are (ерү, acne d А а & 

aw lerivable as linear combinations of bij's defined in (3.1). То 
we use statistic V П " CARS f с 

i se the statistic V 10% sas the variance ratio with ¢ and (2 —/) degrees of freedom. 


thea И the further question is asked as to whether the contrasts (3.10) explain away the 
1* (Форелова 7 i 

LU ifferences among the p variates we have to compare V, and Ур] as derived from 
Specified n ў она : 
Pecified contrasts anl all the available contrasts respectively. The distribution derived 


in (2 А 
! (2.14) gives that the statistic 


n—p+l Lev, lui Je 813) 
c dee 


Can be ug А Р | "es Tee 
ап be used as а variance ratio with (p—1—1) and (n—p+1) degrees of freedom. 


Р Ав an illustrative example we may consider the following problem connected with the 
esting of bias in using small sample plots in crop-cutting experiments. 


The design, due to P. C. Mahalanobis, consisted in locating a random point in а 5 
5 : 1 e E. my у Q "es ively. The 
Constructing four co centric circles of radii 2 ft, 4 ft., 6 ft., and 8 ft. respectively 


т circle is harvested first and the yield is recorded. The first annular, the second and third 
From these by suitable 


j 2ft, 4 ft, 6 ft, and 8 ft 

as given by the four 
ated and 
problem 


and 
inne 
annular rings are harvested and the yields are separately recorded. 
Addition we can get the yields as given by circular sample cuts of radi 
ät а chosen point. The yield rates (in some unit of weight per unit area) us 
Circles are represented by су, сь, су and c, respectively. These ташар e ies 
Gre Subject to different errors depending on the correlation within & 4 85 E T. клет 
to test whether the mean yield rates as given by sample cuts of ud 
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Two dimensional charts representing the scatter of any pair of yield rutes such а 2 

that the arrays of c, for given c, are not homoscedastic and variance increases W | 
det E KEA The data are then split into groups by the yield rate determined by су, so that 
EUN Rr. the arrays are nearly homoscedastic and the test for bias is c 


arried on in. each 
roup Incidentally the nature of bias for different intensities of yie 
g * 


ld rates can be studied. 


In this case we may consider the variables 


Ji e- el, - ca , Уз=с,—с; 


'The mean values and the di; matrix constructed from 


38 observations in the range of vield 
rate 0 to 10, are given below 
Ü$--—1,5, =43, У; =-24 
9049 —23-56 — 14.06 
au = 2356 80-26 45.98 


The second generalisation of stu 


y pe Ч 
idents? ¢ is concerned with testing, 
sample of size n from a 2p variate population contain 


on the basis of a 
ing the Variable. 
E(y;) ENI! for i=], 2 ep. 


S Jis Yo +++ Yap Whether 

From the 2p variates we const 
case the test reduces to that of testi 
values viz, zerocs in this case ; 
We use the statistic 


Tuct the p variates SH- = ‚2... р) in which 
ng whether р Correlated variable 


З 5 have assigned mean 
а problem which hag bee 


n considered by Hotelling (1935). 


(3.14) 


Ispersion matrices of the 
with the use of Mahalanobis’ 


related with the variates 
Generalised Cistance, 


are identical can be answered 
In a special case whe 


tant multipliers of a stochas 
Mahalanobis’ Generalised di 


n be answered wi aeta 
Stribution i Е red with the use 
to be used above. This, sta: 


tistic has been termed by i. this саве is different from the one 
of the second kind in (Rao : 1944), The class of hypoth кт as the Mahalanobis’ distance 
be appropriately treated 8 А 


аз tests in least Squares fully of these problems can 


Y the author in (Rao: 1946). 


4.4 PROBLEM IN "HE ст, 


ASSI FICATION 


n nearer toone ef, tivariate populations 


fu. Ma 
412 14nd п; when it is known 
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are different. If the variates corresponding to the three populations 7, лә 
» then we replace the p variates 


that 7, пал. 


and ng are repr 


3 sented by Фу, ss: 2, ; Jas = Шу And ei, 
by a linear combination of these variates defined by x=¥lr, y—Xly, z—Xl.. The problem is 


thus formally reduced to the case of a univariate classification. 


е There are two contrasts arising out of the three mean values of the variables х,у and z 
which give the inequalities in the mean values of the three populations. One such contrast 
I8 supplied by E(x) = E(z) which gives the differences in the mean values of 7, and 7. Another 
contrast is 2E(y) E(x) E(z) which determines the nearness of 7, to one of 7, and из. We 
tul Gbiseontenst and Goose the compounding coefficients so as to maximise the ratio of its 
estimate to the standard error. 


7, and пу then assum- 


IË ni, ng and ny are sample sizes available for the populations лу, 


ing БТИ nif eek! : " ; ` ; 
g equality of variances and covariances we сай build up the estimates of variances and 


Ovariances from the quantities 


n, Ns Ns ^ 
en = X (ri Bi) eX ( Fi iet X Qs Zi) Fr (4.1) 
v y" r 
The ratio to be maximise | is 
Ө. — " 
yu x 1 (2—4 e s (4.3) 
Nh en 
Where т : Я ч 3 " 
tere Ein = ny lint из. The maximum value of the square of (4.2) comes out as 
„ 43) 


Ува n X X об (2 рр —2,)25;—3j—51) 


etermined with 


Where (eii ap F А А y " 
ere c are the elements of the matrix reciprocal to (с). Since en are а 


Un dns пу 3) degrees of freedom it follows that the statistic 


v, .. (4.4) ғ 


0 з | ә ees of freedom. 
an be used as the variance ratio with p and (ny +2 0 B GEES 
: ЕТТЕ т. or т has to be 
| When the test gives a significant result the nearness ое and 
91 | . " ae м tween 7. 7, 8 
etermined by the evaluation of Mahalanobis generalised distances betwe' Da 3 
т. М А : rer m, and vicev к 
Ta Ty. If the former is greater than the latter then 72 18 nearer to 73 


5 j ld 
— $ ais ;onsidered by Wa 
This test can be extended to ғ nswer another type 0* problem co 


i ivi i j ups, 7, and лз 
(1944) connected with the classification of an individual into one of two group E 19 0 
We need construct the statistic (4. 


fro A : 
m which samples of sizes а ге available. 

s ples of sizes љу and ng are ауага pret e 
bes кїй Каш ficant then the individual can b 


With u- and test for the significance of Vp- If V, is signi 
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i у 'e may have to be doubtful 

НЕ I ar red ts и test when the individual is kr 

dee 5 = of ‘the two groups. The exact nature of this test, howev 

investigation. The same statistic (4-3) cad be used w 

to be classified with one of two groug 

are available, 


[ Parr 4 
about the classification 
nown to 
er, requires further 
hen a group of n, individuals are 
25 п; and m, from which samples of sizes n, and n, 
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CONFIDENCE INTERVAL FOR THE CORRELATION COEFFICIENT 


Bv К. C. 5. PILLAI 
Travancore University, Travancore. 


INTRODUCTION 


The distribution of the correlation coefficient r, when the population value p is zero 


Was fi rst 61 ; 1 3 А 
as for the first time studied by Student (1903). His method was however purely empirical 


E Few ie us r was Шыу given by Fisher (1915) based on geometrieal 
м = ^ de es study 1917) was undertaken in the Galton Laboratory regarding - 
5 . [ m ibution of r. Tie result of these studies gave extensive tables of the ordi- 

} curve. Recently Miss David has tabled the probability integral of r for different 


LL ; he suapte size, | oet tables have to a large extent simplified the practical 

t isher’s exact distribution. 

N are has effected a logarithmic калыптай of r which in large samples 

ме ж ^» c: bution of r to the normal probability scale. "This is indeed a great step and 

ME к igni munis of r Шела become fairly simple. Miss David's tables together with 
Sher's transformation are in general sufficient to tackle most of the problems relating to the 


sampling distribution of r. 

fice M e e e for ғ in the sense of Neyman- 

ndn a ud ee сан he 6 egant Soliton, though in any partioular CEE it is 

poesie зе s by trial. After examining a few cases Miss David (1937) 
some to the conclusion that the unbiased. limits for r differ very little from those corres- 

ponding to equal tail areas. A detailed examination of different methods of arriving at 


confidence limits is attempted in this paper. 
2. THE PROBLEM OF CONFIDENCE INTERVALS 
Consider the 


dom sample 
9. To 


The problem of confidence intervals may be briefiy outlined here. 
Let i, , . n be à ran 


probability law P(x, 0,), O being an unknown parameter. 
and let T be a sufficient statistic for б, so that the sampling distribution of T involes 
test the hypothesis 0=0, based on evidence available in the sample, itisclear that two numbers 
А (6) and В(0,) have to be determined such that 
B(%) į 
P( T, Oo dT —a(say 0-95) - Ж 
А(б,) 
Since equation (2.1) cannot uniquely determine 
laid down. Amongst different. methods of specify 


important. | 
(1) Equal tail areas. Here it is assumed that . 3 

P[T« A(&)] = PIB) €T] = (1—9) 
Here (00 and B(Go) are det 


@л) 


), а second condition has to be 
ing three are 


А(0,) and B(% 
the followi 


ying this condition, 


‚ һе 

ermíned from tj 

(2) Shortest Co fidence Interval. 4i 
(2.3) 


equations. 


) isa minimum for Obo. 


PIA) «T « B())]-* and BOD A^ 
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(3) Neyman-Pearson’s method of unbiased region of acceptance. Denote by (0) the 


В i i i 1 [A(4), Bi 0)] so that 
probability that T lies outside the interva 80 ; - ( ] і 
80) =1-—| PG, ar (2.4) 
А(0) 


Tn testing the hypothesis 0=0,, ше Tule of acceptan 
gives (00) as the probability of rejection of the hy 
kind of error and by taking о near unity the first kin 
level. Clearly the test has to be so desi 
Some other alternative value of 0520, is 


ce if T lies in the interval [А(0,), В(0,)] 
pothesis. This has been called the first 
d of error may be kept at any desired low 
gned as to throw out the hypothesis 0—0, whenever 
true. The probability of rejection of 0—0 


o When 
it is not true is given by 00% 
7 1 P(moar .. (2.5) 
А(0,) а | 
This probability has therefore to be д minimum at Ó—6,. Thus А(0,) and В(0,) are obtained 
by the relations 1 


0) = 76) =1—аава 47 0 

ate а | 0=0, “ (M) 

The interval [A(4,), В(0,)] satisfying (2.6) is called unbiased confidence region of accept; 
and (4) is called the power of the test, 


The confidence limits for the correlation coefficient v are а; 


те discussed in the light of the 
three methods mentioned above. 


ance 


is of the form 
% ( 12 S dus ате соз (—pr) 
Р |р) = тга 9) (I- - ii pcs = G 
Fisher’s z-transformation is 
buted к le) log fl ШУЛ (3.2) 
and z is distributed normally for large n and P small, round zero With uni "LS 
Hence if a is detremined such that . mut standard deviation 
+4 
Vin | e- hee (e 0.8 e (3.3) 
==} 
the probability for the inequality 
d —а=(Уп—3/) log [(1--7) @—р)/(1—) (1 
The inquality (3.4) is equivalent to A(p)<r = B(p) where tosa * (3.4) 
Alp) =[(1+p) exp (2| n—3)—(— руци. eXp(— 96] 7 — 
Bio) = [(14p) exp PUN SE Se ap niim Levi 
To test the hypothesis f—py the acceptance Tegion is Р 


+ (1—0)] 3... (3.5) 


given h 
and Р[В( т ОУ ГА) 


that Pl & A(p)]- Pez —а) Po) Sr Pla <), Hen ý 
of acceptance [А(р,), B(p,)] corresponds to that of the 1 of (3.3) the region 


i 
method of о 

whether this region satisfies the conditi i 
the value of У(0) in (2.5) has to be 


€ Observeq that į 
mation (3.2) the inequality [A(o;) Mis 


<’< В(р,)] reduces to 
д =—4+(V/n—3/2) log +p) (1—9)/(1—5,) Na (3.6) 
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a(y n— 3/2) log [(1+4 
8 Po) (1 —9) (1 — о) 1+ = 
Hence Ш 27 | TN x 
yip) = 1—(1/\/2т) L T dz 
) .. (38) 
and ` dy 12 2 1 — 8/2, 
dp (Ру 2л), 25 Р 5 
dp А dp „ (9) 


Which gives that d» 

. ез when р pes Thus the test is unbiased However, si 

theory cannot be ex sm kes the distribution of z tend to nozmality aem eur. since the 

UP e "à EN > to m ke the test unbiased strictly. bi fact on Madre prova 

e ida У : wie DE | РА (ро) << Boy] сап 115 ее: x a ee dis- 

teria ie test though it is negligible. The power function ari e Wes that 
e test is tabled in 


4. № is" S MATIO E 2 MON COEFFICIENT 
АИ M d 
TRANSFORMATION Ut HE CORRE VATION СОЕ 
2— IFFI N 


lt is i 
S Interesting 
esting to study the transformation 
euer * (p—r) Де! Р 
Egested by 3 „ ж " pr) 
у Dr. U. S. Nair, which appes E 


mani 5 j 
: urs пе * (* 1 1 1 
UE Таче fius cine Therma M to yield the confidence limits for 7 in a simple 
ace, the relation between this transf i à 
s transformation and Fi 8 2 1 
р jsher's 2 is 
(4.2) 


Which is in | ” (yn —3 2) log [(1 +) (1—4)] 
n depe " я 
pendent of p. Secondly it will be noted that 


Pl(p—a) (Г ра) S = La)(1+-pa)| 
(4:8) 


for 
гапу 2 р 
р апу fixed value of 1 Pese eu) 
m. s > a - The si Ч : ; А s 
(æ) is independent of - 1. The sampling distribution of v is studied below. It is seen that 
oi pi "Ooximatelv 212 * 
p approximately. Hence the probability given in (4.3) is independent 


of р; 
P and consequently, 
= (py ta) / (1 +юа) ie 


Getting а such tl i2 (оь а) | (1— po) and B(po) 
iat the probability in (4.3) is &. unbiased limits for аге obtained. 
In а Co-operative Study 


sampling distribution of т. 


It d i 
now remains to find the 


(1917) iti 
7) it is shown that 
P(r) = 2 
% -A 2) Zu На) (1 ) — ре) ] 
Substituting > x {1 4-L(pr+-2)/8(a— 1)]2- Gor +2)" даш me 8 e 
P(: = for r from (4.1) and using Р) == Rie 
x {| P ism pe '\/2л (n—1) (1-2 — а) - 91 = pe) 
Newloctin ago) / Stu IC AG LBpxyt]128(n— UA РО ^ d 
"'ecting the ternis 0(1/) 
P(e) I 2) / 
Whie 0% —2)/4/2a(n— Па О = igo | Е. 
nichl may be reduced to ms M 
Баур * 
ajin Disi аут ac ee E . 
T p? and l/n] о 
thus ; ij T 
Pla) тудо 1/2 VaT —2)/2) 0 —m 15 
1. However confining to the prone 


а —px/2 in (4.8) 


ers of p> 
d p? negli- 


"pptoxi 

of mh ited omitting terms 0(1/%) and powe 
doeg bit ale the probability integral for r fron 
gible alter the valüe of the integral, approxima 


2| 


since the tern 


1 р(—а<«<а) 
lid if n be large an 


tion (4-9) js va 
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| То compare the accuracy of (4.9) in determining the probability levels for 7, in sma 
Samples the following calculations have been made. | Р 
) 
The transformation (4.1) gives Р(—1 == | р) == (уа 1) where y—(p—;) (0 PI 


= 1/2 — 1/2 1y*(1/2,n—2/2) if y is positive) 


10) 
= 1/2 + 1/2 1y7(1/2. n—2/2) if y is negative Í (+ 

ji 4.11) 
Where. 1y 41/2, 13/2) = (Tl(n— Dy2yT((n —2)2] [| 11 део за 2 в. 


o 


1 E сша d 
From Tables of Incomplete Beta Function, the value of (4.10) can be calculate ; 
1 1 "rec re ) 
for different values of n, p and r. Also Miss David's tables will give the correct value c 
Р(—1 =г=и|р). The following table gives the comparison of these two calculations. 


Taste I. Удьсез or P (—1 sr — 7|P) 


Га n= 5, р=0.1 n= 50, р=0.5 
David's Table Nair’s transform David's Table Nair's transform 
—1.0 0 -0000 0 -0000 0 -0000 0 -0000 
—0+8 0.0379 0 -0398 0.0010 60-0023 
—0.6 0.1077 0.1125 0.0035 0 «0075 
—0.2 0 -3056 0 -0153 0 +0301 
ШЕП 0.4253 0 -0280 0-0520 
9:3 0-6197 0:1137 
0.6 0-8151 0 -2613 
0.9 0.9740 р 0.7224 
1.0 1.0000 1 -0000 1.0000 
m= 10: n =10, p=0-8 

—1-0 0 -0000 0.0000 0.0000 0 -0000 
—0-8 0.0013 0.0014 0.0000 0 -0000 
— 0.6 06-0181 0.0177 0 -0000 0.0000 
—0.2 0.1998 0.2047 0.0004 0.0007 
0.0 0 -3849 0.3917 Br 
0.3 0.7103 0.7162 94052 
0-6 0-9414 09484 Аке 
0-9 0.9996 0.9995 94845 
1:0 1:00 A y D 
0000 1.0000 10000 

n= 15, % = 0-1. Te Dowie du 

—1.0 0.0000 0.0000 бз 
0:8 0 -0001 9970901 M 9000 0 -0000 
—0-6 0 -0036 0-0037 0.00 0.0000 
—0.2 0-1406 0.1437 б 0008 0 -0000 
0-0 0.3563 0.3615 0:000 0 -0000 
0.3 0 -7654 0 -7696 0-0037 0 -0002 
0.6 0.9787 0.9794 9.0615 0 -0038 
0.9 1.0000 1.0000 9 8 м 0-0785 
1.0 1 -0000 1 -0000 1 8872 0-9044 
150000 1.0000 
The calculations have not been made for "1 


done in greater detail in Table 2. 


* 5 in the above table as this has been 
It is evident from th 
for small samples is particularly b 


he above table that the 
ad for n=5 and р=0.8. 
mation considerably improves even for р=0. 


8. For sm 
higher values the approximation is more or less в 


approximation 
However for n>10 the approx! 
all values of p(say 0-1) for n=10 je 


atisfactory. 
In spite of the inaceuracies noticeable in 


FI -a) —pa)s v =(р4-а)у(1 )] taken from 


Table Bit is 
with its value given by the approximation. 


Miss David's Tables is in fair agreement 
Of course for n=5 and 10 the approximation » 
418 


А t 
interesting to note tha 
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E001 only for small 
3 values of. But f 

E наи a p- ut for n larger than 10 (say 15, 25, ete.) ev fe i 
ders ^ A imation is good, The accuracy of the approximation i Ba е 

sed on Fisher’s z-transformation | ENG x 
Table 2 gi m 

2 gives values 
1 T = ма т, 15,13 where I, — P[A(p) =" В(00)] from David's Tables 
1. Win o1 E m the approximation based on the transformation l 
from the approximation based on the transformation m 


z = (у/п—3/9) log IU (1—р)/(1 —т)(1-++р)1 


which gives 
L. PVA 
—8/2) log (1—a)/(1--a) =2= (У -50 
A(po) and B(po) being given by Ei (ул) log (па) А-а) z being a normal variate, 
TABLE 2. ON THE 
N THE ACCURACY OF THE CONFIDENCE LIMITS BASED ON А (Ро) and B (Po) 


P [A(Po) <= < B (Po)] 


А I, 12 13 

lo А(р„) В(Р.) (true value) 

qub. кайр Dub ЧИ 0.55556 02543 255 

0.3 0.71429 0.86207 0.2588 $ 3508 92557 


0.2 —0 45455 0.7112 

T E 71129 0.7161 0.7152 
› а=0.6 9.4 0.17241 0.91549 0.7247 944153 0.6730 
9 0.65217  0-97403 0.7287 0.7152 о. 


0.3 0.20619 . 0.38835 0.2169 0.2166 0. 


n=10 а=0-1 E 
85 0.0 0.387912 0.91743 0.2192 0.2166 0-2093 
0.2 —0-58140 0-7 

REI 8947 0.9758 975 E 
a=0:7 0 0 ^U 0.91549 0-9703 9.9758 09780 
N 22727 0-961504 0:9762 0.9758 0 ˙9780 
55 мазка 
0.8504 08578 


n=25 a—0:3 0-7 0.50633 


1.0000 1.0000 


n—25 а=0:9 0-9 0.00000 0 .99448 1˙0000 
les the transformation suggested in the 


that in small samp 
For n<15 the approximation appears to be 


values of n even when p is near unity, the 


From this table it becomes evident 
“ы is slightly better than that of Fisher. 
equate only for small values of p. For large 
approximation gives sufficiently accurate levels. 
The accuracy of the transformation (4.1) justifies the use of А(ро) and В(ро) given in 
(4.4) as unbiased limits for 7. The power function of this test 18 examined in detail in Section 
6 along with that based on Fisher’s 2. transformation. 


5. SHORTEST CONFIDENCE INTERVAL 
e theoretical method of deter- 
] method to 


cated in form th ‹ 
) is not attempted. A graphice 
ency 


Since the distribution of r is very compli 
te from a given frequ 


mining A(p,) and B(po satisfying equation (2.8 
determine the shortest confidence interval for а varia 
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i 5 oF 
А Let n; be the frequency corresponding to the value o 
ted by Miss A. George (1942). i | 
B ER the total frequency. If z,—(n,4- . ni N the curve (, 2;) gives the cumula 
E 9 алена curve and the ordinate of this curve gives the probability integral of x. 
Ave 


Suppose а is а value of x. To find b such that Р (a STS) d draw the ordinate 

rresponding to a and produce it such that the total length of the line is the sum of the 
со ! Е 

ordinate and а. If the line through its extremity parallel to the x- 


axis cuts the curve in some 
point then the abscissa of that point gives the value of b. 
> 


The shortest confidence interval is obtained by minimising (b—a). 
values of a and find the corresponding values of (b—a) from the cumulative curve. By 
plotting (b—a) against а the value of a that minimises (b—a) can be obtained graphically. 
This value gives the lower limit and'the upper limit is obtained by increasing it by 
the (b—a). 


Take a set of 


The shortest confidence intervals for r for the hypotheses tested according to the 
methods in the last Sections have been obtained with the help of the Tables of Correlation 
Coefficient. The power function of this test has also been calculated in Section 6 

6. POWER CURVES AND DISCUSSION 

This section contains the calculatio 
ponding to the different methods discusse 
of- r suggested by Nair. 
Confidence Interyal. 


The tables give 1—P[(A(p,) SrzB(py] 
are also given. 


n of the power function defined by (2.5) corres- 
d above, These а 


А 1€— 1. The new transformation 
2. Fishers z- А ans 
2 transformation, 3. -The method of Shortest 


- The 
power Curves based on the values in Table 3. 


POWER CURVES, 
(0,—0:1; 0:7, а= 0:05.) 


POWER CURVES, 
1 18 (00=0-4; 0-7, a— 9-05) 
; N=25 
reo y 
- 
Е $ 
8 : 
F ш 
A Е 
Ё 0 
Ф 
b 
u 
E @ 
б [4 
ü ы 
| E 
> 0 
ü 
NAIR'S METHOD, 
extn mt “SHORTEST CONFIDENCE 
INTERVAL METHOD”, NAIR’S METHOD 
ften “ ә d 
Hash SHORTEST CONFIDENCE 
INTERVAL METHOD", 
FIG, 9. 
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POWERS FOR TEST. 


POWER CURVES 
iP 02; OS, а= (0705) 
n=50 


об o! O'2 0'5 O4 0'5 o 97 ов o9 


STHOD. 
Г CONFIDE 
METHOD’ 


TABLE 3. PROBABILITY OF REJECTING H, [Pos n, 0.95]. 


Nair’s 
method 
0-063 
0-050 
0-066 
0-115 
0-210 
› 

ШЕП 0:568 
0:7. 0-790 
ПЕ 0:945 
0.0 0-008 

А (ру) —0 43643 

B(py) 058398 


0-0 0-508 
0:1 0-321 
0-2. 0-170 
0-3 0-078 
0-4 0-050 
0:5 j 
0.6 
0.7 
0-8 n 903 
0-9 0-999 


A(py) 0:00416 
В(рь) 0-68747 


0.0 0-282 

0.1 0.106 

0:2 0:050 

0-3 о. 2 

ШЕ! Б 

- 0.5 
0:6 
0 7 
о-н 


ү, 1000 
09 1-000 


Alpo) —0 “08382 


B(p) 0: 45368 


n=15 

Ро = 0.1 ро = 0-7 

Fisher's S. O. I. Nair’s Fisher's S.C.l. 

method method method method method 

0-064 0-069 0.5: 0.56 

0-051 0 0-76 

ü- 067 0-62 0-63 

о. ü- OAT 

о. 0 0.31 0:46 

0 о. 0-17 0.29 

0 о. 0-08 0.14 

ШЕ о-о; 0-05 0:05 

0. 949 0-14 0-14 0-05 

0.995 0. -907 0-6 0-60 0.34 
-0-43454 —0.42000 0.29053 029569 0.33900 


0 43 0.60000 0:5 
-4 

0-904 

0-999 0-997 


0 -00577 0-05000 0 -42010 
0 -68661 0 -85828 


Py = ( ри = 008 

0.284 0.303 ] -000 1.000 
0-107 0-116 1.000 1-000 
0-050 0 -050 1 -000 1 -000 
0-117 0-999 0.999 
0.338 0-006 0 -996 
0-675 0-962 
0 -927 0-781 
0.996 0-338 
1.000 1.000 * 0:050 
1:000 1-000 0:749 


207 —0-07500 0-067070 0-067109 
—0 -08297 9.36000 0.88211 0- .88188 


0.45313 0 
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) 0-92500 


0 -42143 0 -47250 
0.35786 0.85250 


1.000 
1-000 
1-000 
1.000 
0-998 
0:978 
0 846 
0-429 
0:050 
0620 


о 68000. 
0.39300 
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i iffi е + power curves 
i E ere 1 ; gre: erceptible differe ce between the p я 
Tt is obvious that there is not great perc T i i Di ш 
ding to Nair's and Fisher's transformations which one has to expect as : 4 
:orrespondi Nair’s $ pe pe —— 
us | tion (4 2) between x and 2. Тһе shortest confidence interval for 7 howeve 
the rela = aie 
i s negligible as sample size increas s. 
pias. The bias becomes negligible as the sample size incree 


In conclusion the object of the paper has been to study different methods of кыш 
up the confidence limits for r and examine the nature of the power curves in ne ne | > 
new transformation for r is suggested which in large samples reduces the — 0 : va 
symmetrical Beta-Function independent of p. This transformation and Fisher's gom 
tion yield almost identical values for probability level ofr in large samples. In s 4 г 
samples however, the approximation suggested in the paper appear to give closer values € 
probability than that of Fisher. 
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A NEW SOLUTION IN SYMMETRICAL BALANCED INCOMPLETE 
BLOCK DESIGNS (»—5-:31, r=k=10, A=) 
Ву К. N, BHATTACHARYA 
Calcutta. University, Calcutta. 

1. Ifv objects are arranged in b sets of k objects each, such that every object occurs 
in just ғ sets, and every pair of objects occurs in just А sets, then we get a “Balanced Incom- 
plete Block Design’. Such designs are important for agricultural field experiments and other 
biological researches where statistical methods are applicable. 

Following the terminology of agricultural field experiments, the v objects are called 
"treatments! and the b sets are called blocks. Thus there are v treatments and b blocks. The 
parameters v, b, r, k, A are obviously subject to the relations bk=vr, M= r-) and as 
shown by Fisher b>v or Ат. 

Only designs for which r «10, are of practical interest. Integral values of the para- 
meters consistent with the above were given in the first edition of Fisher and Yates’ tables 
(1938), together with the known combinatorial solutions. A number of solutions for pre- 
viously unknown cases were added later by В. C. Bose (1939) and others. These researches 
have enabled Fisher and Yates (1943) to fill in, in the second edition, some of the blanks 
which were left in the previous one. However the following 12 blanks were still left. 


reference no. parameters reference no. parameters 
in Fisher and v b я А in Fisher and v b r k ow 
Yates’ tables Yates’ tables j 
(8) 15 21 7 5 2 (24) 46 69 9 6 - ^d. 
(10) 22 22 7 7 2 26) 21 30 10 7 3 
(12) 21 28 8 6 2 27) 31 31 10 10 3 
(14) 20 29 8 8 2 (28) 36: 45 10 8 2 
(17) 16 24 9 6 3 (30) 46 4 № 1092 
(20) 25 5 9 9 3 (31) 51 85 10 9 1 


' Mr. Q. M. Husain (1945, 1946) has demonstrated the impossibility of obtaining a solu- 
tion for the designs no. (10) and (14), and Mr. H. K. Nandi (1945) demonstrated the same for 
the design no. (8). The author (1944, 1945) gave solutions for the designs number (17) and 
(20). The object ofthepresent note is to ive a solution for the designs no. (26) and (27). This 
leaves only 5 cases to be accounted for, including no. (12), which Mr. Nandi conjectures to be 
impossible, though an exhaustive verification of this conjecture has not yet been carried out. 
2. The solution for the symmetrical design no. (27) with parameters v = b = 31, 
r=k=7, A=3is as follows : wv amet 
Consider the module of residue classes (mod 7). To each element u of the mo ^ Yi 
us associate four treatments uw, tg, Ug, and шщ. То the 28 treatments thus obtaine 1520 
us adjoin the three new treatments 00 1, 00 „, 003. То obtain the solution for thedesign no. | 
we start with the four initial blocks, 8. 9 8 
B.: (12, 4y 3 12, 25 42; 1g, 23, 43 ; 0.), Bi: (1, 61 ; 25, 5з 25 Fi 5 6. б cos) 
B, : (21, 5, 32, 42 ; 13, 63 ; 34, 54, 64, co 2), В. : G 4 Ig, 11 ime К) from ity 
and develop them (mod. 7). Each initial block thus gives еле a заана 
Љу successively adding the elements of ће module, keeping oo an - 
'The solution is now completed by adding the three new ps "P 
Pu: (0, 15 2,, 3p 41, ба» б, 1 00 , 003), Bu: e 58 3 


© > 
P^ : (03, 135 235 Bs: 48, 55; 65. айл 


00 1) 


TT 
6,, 901, 22 °?з) 
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3. The proof can easily be 5а к = 5 oo 
didt tments other than , co, = 
a ы: is UM 5 carry, and define ‘pur’ and ‘mixed’ di 
1 pairs as he has done. > 
It is now readily verified that, among the blocks 
(i) treatments of the class 1, 2 or 3 occu 
ten times, and , ©, ©, occur enge 
[3, 3] occurs twice, and each pus diffe 
mixed difference occurs thrice. (iv) each of the classes ] 
, or ©, whereas the class 4 occurs thrice with 1, 0, or es, Le 
3 It therefore follows, just as in the first ог second fundamental theorem of Bosc ; 
in the 28 blccks developed from Bi, В, Ba, i 
(a) each treatment belonging to one of the class 
exch treatment of the class 4 is rplie ted 10 time: 
times each. (b) each pure pair of the type II, 1], 
pure pair of the type [4,4] occurs thrice. (c) 
pair of which one member is 9. oo. or s occurs twice or thrice oc 
member belongs to one of the classes 1, 2, 3 or to the class 4. 
We now note that in the adjoi 


oped by Bose (1939, 1942) 
d into four classes, ж 
fferences and ‘pure’ anc 


B, B, В 
1: e Эз; Dg sour 
T 9 times, treatments of the class 4, 3 
M 9 € 
(ii) each pure difference of the type [1, 1), [2, ph 
rence of the type [4, 4] occurs thrice. (iii) е: 


ih © 
P У ice with 9; 
2, 3 occurs twice 


1 В s 
es 1,2, 315 replicated 9 times, w м. 
Band 5.5. *?, are replicated 
[22] or[3,3] occurs 


ch 
twice, whereas eacl 
ach mixed pair occu 


rS thrice (d) each 
cording as the other 


Е © classes 1, 2, 3 is replicated once, where 
oc are replicated thri 
D 2» 3 


Onging to the class 4 do not occur у 


rs once; 
member is , co 


з, „ and the other member 
occurs once; (д) each of the pairs оо 


€ of the classes 1, 2, 3 
1903, “соу 3/91 occurs thrice, 
It follows that in the complete Solution Consisting of 31 blocks 
plicated 10 times, and each pair occurs thrice, 
4. It is well known that an 


Y Solution of a symmetric, eee leads to 
the solution of the derived design (vf, 2171 А al design (v, b, 7, Е, A), 


% A), by the ss of block section 
one block, an tends 


f d eleting from the other blocks; 
he given Solution f 


a mes 
; each reatment is T 


n 
: or the design по, (27), We са 
6) with Parameters 
ws ыы; А-3 
My thanks аге due to Mr. В. C. Bos: wh a 
Ы © WO sagges } hose 
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B К. М. (1944) Tie 
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3 зо, : а Ше construction of Balanced асоро Bloc D 9, 358-399 
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34, 17.31, Y serios of Balanced Incomplete Bloe ара = | d. Math. Soc. 
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A STUDY OF EXPENDITURE PATTERNS OF CALCUTTA 
MIDDLE CLASS FAMILY BUDGETS 
Ву S. JANARDHAN РОТІ 
Statistical Laboratory, Calcutta 
The traditional method in family expenditure studies is to start with some classifica- 
tion based on traits fixed arbitrarily from our knowledge of socio-economic conditions such 
аз community, province or some arbitrary econemie levels. Frem such classified data 
according to immediately noticeable traits attempts are made to calculate average ex- 
Penditure patterns of each group and to explain the variation of the expenditure patterns 
due to the basic classification itself or due to causes indirectly involved in the classification 
»- In. the middle-class budget survey conducted in 1945 by the Indian Statistical Insti- 
data was collected from 1785 family schedules in three independent subsamples. Analysis 
of the data pertaining to one of the three subsamples on the basis of a classification of families 
*cording to total family expenditure reveals that the family expenditure patterns do not 
а ос; 1 11e "ү r жес, Ж "n H 
17 Clabiy differ from group to group. Table T giving expenditure patterns compiled from 
data с У 7 ' : - Y 
ta collected from ( alentta diet survey (1945) reveals the truth of the above statement. 
TABLE l. EXPENDITURE PATTERNS. 


expenditure groups in rupees, 


Percentage of 
*Npenditure on 


0 401— 600& 
‘ssentinl fi 50 600 above 
nesential food items 60 «02 1 47 2374 
»Q-essentinl food items 9 00 AC 0 
misce ol Is -29 : 13-16 951 
to, neons & clothing 12-69 18.59 21 23.3: EN 31-71 38.06 
ay 100-00 100-00 100-00. 100-00 100-00 100-00 100-00 100-00 
erage fami T Y 7 -> 312 
Th: wine es 227 Tn 4:85 704 8:33 ` $:98' 10:30 11-77 16-12 
~ n 1 "e © ә 2 H 3 " 
К igh the figures show that the patterns consistently vary with total expenditure an 
Nami pe T . S " р "p ^. 5 x 3 
amination of the individual family variation reveals that only a small fraction of it is 
Aserih: = ч pst 11 8 
i ribable to total expenditure. There are other causes of variation such as family size, 


amily composition, community, social status ete. which are also equally effective in causing 
à Variation of expenditure patterns, The aver:ge family size increases consistently with 
с № Me эма level as shown by the same table. In fact dg may state that the 
is ач dk adopted here does not separate the families into distinct types with i m 
may тш aco patterns. Hence any conclusions based on the above ty pe of analysis 
ре Wis the ming oe state of affairs. In fact cost of living indices for 1945 for all the 
One Fin А — E 1939 85 the base year were found to lie between 280 and 290 though 
Proportion uw as t T Gost of living index should be high for high loess levels where 
Е ately more is spent on items (like fish, meat ete.) the prices of which have arisen 
Y 5 or 6 times that of the pre-war price, 
АЙН an attempt Баа been made in this paper to classify deux pu we a) 
bos ure pattern, and then to investigate farther in what respects fa жон going, a 
Pattern agree between themselves and in what manner they contrast with famili 


MSIE tea i 
Possessing a different pattern. 7% method of tackling the problem may help us to classi 
If no, such common traits are 
re required to explain the 


s according to expenditure 


families into distinct types by means of some common traits. 

H 1 с. i за 

found as may happen sometimes when manifold k umet 

We ify amilie: 
Variations of expenditure pattern then we may classify the 
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pattern itself and study the effect of several factors 01 each group sep 


arately at different times. 
This is a better method of study 


of the economic conditions of families at different intervals 
of time than the oneusuallyadopted which willgivea distorted picture ofthe existingconditions. 

The expenditure pattern studied here consists of sets of four variates which 
proportion of expenditure on essential food items (by essential food items is 
pulses, vegetables, spices and gur) to total expenditure (b) proportion of expenditure on non- 
essential food items (all food items other than included in (a)) to total expenditure (c) propor- 
Hon oi expenditure on tenti аша шы total expenditure (d) proportion of expenditure 
on miscellaneous and clothing to total expenditure. This effects a classification of all items 
into four homogeneous classes with price relatives of items in each class close together. As 
all! the items of expenditures аге covered up by (a), (b), (c), (d) it is not necessary to consider 
the four variates as they will add up toone. It is sufficient, therefore to deal viih any three 
of them only in our statistical analysis, > a an; 

Since the statistical analysis with a multiplicity of variates im roonioliasted еб Sal 
try to search for a function of these variates Which can explain & Sidus orti i ftl иан 
of the sets of variates. This function we shall call as the most 7 — : sc „ и 

igi я Stdiseriminating function and we 
shall replacetheoriginal set of three variates which represented t] mes z this 
function. he family pattern by this 


are (a) 


meant cereals, 


Each family can be represented b 
Py P» Ps representing the proportional ex 
such points can be resolved into three com 
axes. We shall choose that system of axes 
tions of the point vectors on each of the ax 


Y а point in three dimensions with coordinates 


penditures on (а), (b) and (c). The variance of 
15 by taking any three mutually orthogonal 
or which the sum of Squares of the projec- 


es is stationary. If the variance of the projections 


The mathematical derivation of the li 
he linear com ponent seri 
Let Ii pı pal Pal be one of the components oie mat Зани p 
e › then variance of t is 
= z Мт, За 9 
where v; is the vàriance of р and о 


sum ofthe variances of the t 


(1) 
is the covariance p, 
et s 
hree components is equal to Men Pi and ру. Also since the 
ps Pa we must have а 30 е tota. 


l variances of the set pp 
‘So then our object is to maximise Q with respect to 1 


vw. (2) 

"Usi AN 90 * 
Using а Lagrangian multiplier we obtain 1 Land Л е нек 73 subject to the restriction (2). 
50 g 2v 1 utions of (2) and (3) 

1 a a ]i21,2,3 
“Оп simplifying (3) we get 


(3) 
(7—0 +V, V. . 
Үзүр T 
ч 31 it Vale +(Veg— Br =0 « @ 
If solutions other than 1,=1,=1,=0 exist the dete i 


wanish, "This gives 


(ish) Ух 
21 (Vo2—k) YS ES 
31 32 (Уз) (5) 


N b „> 
Шы = ум a ЕЕ 


— 


STUDY OF FAMILY EXPENDITURE PATTERN 


which is a cubi i 5 
* ubic equation ink 
H n k called the у ristic i it i 
B characteristic equation and it is a well known result 


that such equations have те 3 
roots of ш. Meli А, 1 е [з B к. hs and ky represent the three 
l, 2nd by l, and 3rd by 11 m in (4) and multiplying Ist member of (4) by 
each of these roots stand for re 5 xa к р аа 
properties described above. Substit 9 of each one of the components possessing the 
ч чине sagen n : bsti uting each опе of the roots kj, № and ky successively 
а са Tat o 0 : and using (2) we determine the corresponding Ёз by solving 
жет ыр Л н нер ано the first, secovd, ar third components thus obtained 
кы» - 2 ы за» 1=1,- апа 8 respectively. It is also easy to see that these com- 
are orthogonal to each other i.e. Ely d where 3;—0 if 12) andone if i=j. 
ed in Calcutta diet sur 
128 family schedules belonged 


vey consisting of 625 family 
to house owning 
ry low were omitted in our analysis and the 
497 family schedules are given below. Division 
al sample size is avoided to facilitate 
rived from the covariance matrix is 


One of the three subsamples collect 
= istaken up for analysis. Since 
rut dmt e ee LA 

ysis maining 
of the sums of squares or sums of products by tot 
computational work. The characteristic equation de 


lly ve 


(8.455410 -4-2233 0966 
—4.2233 (2.7907 —1:0383 =0 
-1-0383 (4.4905 


0003 

1212.726721 5247 — 4018—0 
210.7461, k,—1:9807, 
The contribution by 


which is same as 
Тһе г i i 
roots of this equation are ky 


is equal to 10.7461 71.9807 T0 ·0189 12.7267. 
% and that by other two compone 


ш the total variance of the set is 8447 

15°6% of the total variance. Hence тер mily pattern (Di Pe Po) 

tone we are leaving only variation cf the 
of our statistical 


this cam 
are given below. 


30-0189. Total variance. 
the first component 
nts together is only 
acing the fa by a single 
about 16% of the total 
not vitiate the results 

ions 


component as the firs 


exrenditur 
xpenditure pattern unaccounted and 
variance contribut 


analysis. The three components as well as their 
components direction cosines of the axes contribution 
to variance 
4 ls ls 

1 +8780 — 4748 0621 84:4% 

2 -2933 -4302 — 8537 15:596 

3 3785 7678 5170 0-1% 
1 to each other. 


hogona 


of the total variance {о represent 


ent increases but with 
mean values of the 
nd family sizes. 


components are ort! 
plains 84:4% 
f family size this compon 
by Table 2 giving 
] expenditure groups & 


TH FAMILY SIZE AND 


Also it can easily be verified that these 

Taking the first component which ex 
the family pattern we find that with increase © 
inerease of total expenditure it decreases as is shown 
principal component of expenditure pattern by tota 


VARIATION OF X (PRINCIPAL COMPONENT) WI 


TABLE 2. 
TOTAL EXPENDITURE. 
family size expenditure group in rupees 
0—50 51—100 101—150 181—200 201—250 251—300 301—400 обо 
2 41 -30 10 -02 = 01 — 2 
3 +52 -30 -16 -08 06 — = 06 
4 -60 34 23 15 20 12 EE 
5 — +39 29 2¹ 26 16 d л m 
X, ЛЯ aria- 
Except in the case of the groups 151-200 and 201-250 in family sizes 4and5 we find ё ae 1 75 
with the statement made above. Such discrepancies as observe 


tions are consistent 


to samples being too small in those groups. 
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cpenditure by 

Let next study the variation in expenditure attern due to total expenditure by 

et us next + у ? i 

family sizes. Table 3 below gives the regression equation of x 

алт SI . 5 e : 

on , the total expenditure for each family size and the c 
> 


to total expenditure. 


the principal component 
ontribution of variance due 


TABLE 3. REGRESSION or THE PRINCIPAL COMPONENT ок EXPENDITURE 


PATTERN ON TOTAL EXPENDITURE, 
^ i i i > correlation 
В ression equation variance variance of percentage corre 1 
family пол оГ 2e : of a 2 dueto: variation between x 
v iu due to ¢ and ¢ 
2 (4) (6) 
g ©) “9489 39-15 
3 43 ) 68-80 
ї 70 94) 26-93 
5 72 131 -93) 
6 60 157 -96) 
1 46 19) 1 
Е 7 
3 75 
10 16.70 


family size the v; 
expenditure is not very appreciable except in the Case of fa 


we had analysed the variance irrespective of family size t} 
expenditure would have been very much sm 
Combining families of all sizes we 

and the principal component reduces to — 
expenditure to the total variance of the p 

classified according to total fa 

variation between expenditure 

Similar analysis has not 

are very small in those cases, 

a functional form ( 

size belong to a sp 


aviation brought about by total 
unilies of sizes 3, 5, 6 and 8. If 
1e variance contribution by total 
aller as ig Shown by the following analysis. 

ation between total 
3290 and the variance contr 
attern is only 10-829, 
mily expenditure 
groups, 

been done or 
The variation fj 
as in the above case w 
ecial type distinct from 
composition determines to 
to size gets distorted and | 
not been estimated by 


expenditure 
ibuted by total 
This explains why, when 
average family patterns showed little 
n families Whose size e 
rom one family 
e had given i 


Xceeds 10 since samples 
size to another 


cannot be given 
a lincar fit) 


since families of a given 
composition, As family 

n the variation due 
о family siz total expenditure have 
a. 


(1) Since the princi 


У р CET Е Р-р explains 
Variance, there exists a single economie fac i 


tor which influences t 
omponent which incr 


"eases with family 
sed to classify families ace 


(2) "Though family size 
part of the variation in expendit 


a major portion of the 
At extent tho expendi- 
Ccreases with total ex- 


Oa Ere 
Size and 


ording to Poverty levels 


og : 
ure patterns we fi d t үе lain in many cases a large 
3 : : s nd that there exist other factors like family 
composition ete., which too in no small measure determine th тап 
(3) Since classificati i 


Poverty level i 
divide 
pse of a period leads to er ar: р 
milies according to Povert 
principal component derived in this article and study how they с 
improvement or deterioration. 


Mentioned above, 
the families into 
attern of families 
us judgement, There- 
У levels determined by the 
ange their groups and assess 


distinct types with respect to ex 
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DISTRICTS IN MUSLIM 
MAJORITY REGIONS 


O шь. 


BENGAL 


DARJEELING 
JALPAIGURI 
COOCH BEHAR STATE 
RANGPUR 
DINAIPUR 
MALDA 
RAJSHAHI 
BOGRA 

PABNA 
MYMENSINGH 
TRIPURA STATE 
TIPPERA 
DACCA 
FARIDPUR 
JESSORE 

NADIA 
MURSHIDABAD 
BIRBHUM 
BURDWAN 
BANKURA 
MIDNAPUR 
HOOCHLY 
HOWRAH 
24.PARGANAS 
KHULNA 
BAKARCAN]J 
NOAKHALI 
CHITTAGONG 
CHITTAGONG HILL TRACTS 


ASSAM 
SYLHET 


PUNJAB 


ATTOCK 
RAWALPINDI 
JHELUM 

GUJRAT 
SHAHPUR 
MIANEALI 
MUZAFFARGARH 
JHANG 

LVAII prio 


GUJRANW 
SIALKOT 
GURDASPU 
PUNJAB 51 
LAHORE 
МОМТСО! 
MULTAN 
DERA CAZ 


N. 
РЕКА ISM 
BANNU 
KOHAT 
PESHAWAF 
MARDAN 
HAZARA 


с 


SUKKUR 
UPPER SIN] 
LARKANA 
DADU 
NAWABSH 
THAR PAR 
HYDERABA 
KARACHI 


BALUC 


ZHOB 
LORALAI 
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Let us next study the variation in expenditure - 
family sizes. Table 3 below gives the regression equat 


on 5 the total expenditure for each family size and the contribution o£ warkanee due 
to total expenditure. 


attern due to total expenditure by 


ion of *, the principal component 


OY Ter TSYXWYUEY, 


а, З iss 
Variance Variance of Percentage corre ча P. 
* dus toz УА pé pi OL) 
due fo and 4 
(3) 


9259 
1-1133 A 
1:3842 н 
31-93) 1.6346 
157-96) 2 


7 0004(1-7] 33) 
= 00020 72 


— -4086 
ation brought about by total 
ies of sizes 3,5, бапа 8. If 
ily size the variance contribution by total 
as is shown by the following analysis. 
orrelation between total expenditure 
8 to —3290 and the variance contributed by total 
only 10-829, This explains why, when 
average family Patterns showed little 


xcept in the case of famil 


variation between expenditu 


Te groups, 
Similar analysis has not be 3 
2 exceeds 10 since samples 
are very small in those cases, ion 
Е х > givi 
a functional form (as in the a cannot heg 


since families of a given 


£ 
Tespect to 163 „ ы 
composition determines +0 а Very larger extent the Variation in n. = family 
to size gets distorted and hence the variation due to fam a en the ee e 
not been estimated by 


Пу size and total expenditure have 


г 
variance, there exists a sin ins a major portion of the 
ture pattern, This comp a great extent the expendi- 
Size ang decreases with total ex- 
Y levels for budgetary studies. 
"explain in many cases a large 
Те exist other factors like family р 
ion by expenditure levels Mons reip level Mentioned above, | 
annot, divide the families into 
а period | „ s on Pattern of families 
us Judgement. There- 
vels determineq by the 
their groups and assess 


fore, à would be better to ^ £ according t 
principal component derived in this arti 


and study how th 
N В В ey 
mprovement or deterioration, Y change 


| 
Paper received - 10 May, 1946, 


498 | 


— — 


DISTRICTS IN MUSLIM 


YON солдор 


MAJORITY REGIONS 


BENGAL 
DARJEELING 
JALPAIGURI 
COOCH BEHAR STATE 
RANGPUR 
DINAIPUR 
MALDA 
RAJSHAHI 
BOGRA 
PABNA 
MYMENSINGH 
TRIPURA STATE 
TIPPERA 
DACCA 
FARIDPUR 
JESSORE 
NADIA 
MURSHIDABAD 
BIRBHUM 
BURDWAN 
BANKURA 
MIDNAPUR 

HOOCHLY 

HOWRAH 

24-PARGANAS 

KHULNA 

BAKARGAN] 

NOAKHALI 

CHITTAGONG 
CHITTAGONG HILL TRACTS 


ASSAM 
SYLHET 
PUNJAB 
ATTOCK 
RAWALPINDI 
JHELUM 
GUJRAT 
SHAHPUR 
MIANEALI 
MUZAFFARGARH 
JHANG 
LYALLPUR 
SHEIKHUPURA 


j ? 
( К 
PO 


а Б 
b i S. 


GUJRANWALA 
SIALKOT 
GURDASPUR 
PUNJAB STATES 
LAHORE 
MONTGOMERY 
MULTAN 

DERA GAZI KHAN 


N. W. F. P. 


DERA ISMAIL KHAN 
BANNU 

KOHAT 

PESHAWAR 
MARDAN 

HAZARA 


SIND 


SUKKUR 

UPPER SIND FRONTIER 
LARKANA 

DADU 

NAWABSHAH 

THAR PARKAR 
HYDERABAD 

KARACHI 


BALUCHISTHAN 
ZHOB 
LORALAI 
S 
OLA 
PO ETTA-PISHIN 
CHACAI 
KALAT & KARAN 
LASBELA 


DISTRIBUTION OF MUSLIMS IN THE POPULATION OF INDIA ; 1941. 


Бе еч 1 and tables supply material for a factual study of the 

indicate different bd ч ibn * ы a different shades of colour have been emploved to 

ЖЕ pe been ido er ies s Muslims in the popu lation. The whale range (of 100 per 

123% of the 1986 ШО eight classes each representing ап interval of two-anna (or 
2/o »e total population, and one colour has been assigned to each class. 


Dee r ; А i: a 
TT z p blue represents the highest intensity of Muslims of 14 anna (or 87}% and above,) 
ight blue indicates " ? р ах 
cun e indicates а Muslim population between 12-anna and 14-anna (between 75% and 
2 %), green betwe { р 32 75 $ 
g between 10-anna and 12-anna (621% and 75%), and light green. between 


8-anna an : 5 
à and 10-anna (between 50% and 62195) of Muslims. 


Orange "ed indios А ; : > 
ge and red indicate areas in which Muslims form less thah 50% of the population. 


Light 7 d 50 
orange sh JWS 7 até " TH 3 а: Əl 
5 ows а Muslim propor tion between 6-anna and 8-anna (37196 nd 5 90); 


orange betw 

E stween 4-anna ғ 49 230% 2710/)- |; 

(124% and 25% N NA G-anna (25% and 371%); light red between 2-anna and 4-anna 
2/0 5%) of Muslims ; and finally red represents areas in which Muslims form 


DI + 
2-anna ә 8 
ma (12494) or less of the total population. 
The tables vive > Distr f :EY, 
йрй ible s give by Districts in the different Provinces and States of India, the total 
1 m = 2 thousands (col. 2) according to the Indian Census of 1941. "The percentage 
slims is s m i * эү. А 
ik s is Бона in Col. (3) ; the percentage of Hindus in Col. (4) ; and the percentage 
ners’ (which includes tribal groups) in col. (5). 
Assa ; a whole, is ; Tee 
am, as a whole, is not а Muslim-majority province, as will be evident from the 
district of Sylhet which has 


map itse т 4 
ар itself. Тһе only Muslim-majority region in it is the 
left-hand side 


been oT : 
f numbered and shown in the list of districts given in the lower 
of the map. x 
Materi 1 — 2 
erial for the present note was prepared іп the Indian Statistical Institute under 


the supervisi : 4 
eee of Jitendra Mohan Sen Gupta and N. T. Mathew, and the maps were 
ен 8 : : 
y the workers of the drawing section among whom Arun Kumar Ganguly, 


deser i 
leserves special mention. 


P. C. MAHALANOBIS 


24 499 


Vor. 1] 


TABLE SHOWING PERCENTAGE OF MUsrnis, Hixpvs 


PROVINCES 
and 
Districts. 


(1) 
AJMER-MERWARA 
Ajmer-Merwara 


ANDAMANS AND 
; NICOBARS 

1. Andamans 
- 2. Nicobars 


Total 


ASSAM 
1, Baliapara 
Frontier Tract 
. Cachar 
Darrang 
. Garo Hills 
- Goalpara 
. Kamrup 
. Khasi & Jaintia 
Hills 
Lakhimpur 
- Lushai Hills 
. Naga Hills 
+ Nowgong 
. Sadiya Frontier 
Tract 
- Sib Sagar 
Sylhet 


AMR e 


—— 
S 


— — 
— 


Total 


BALUCHISTHAN 
1. Bolan 

2. Chagai 

3. Loralai 

4. Quetta Pishin 
5. Sibi 

6. Zhob 


Total 


BENGAL 
1. Bakarganj 
2. Bankura 
3. Birbhum 
4. Bogra 
5. Burdwan 
6. Caleutta 
7. Chittagong 
8. Chittagong Hill 
Tracts 
9. Dacca 
10, Darjeeling 
11. Dinajpur 
12. Faridpur 
13. Hooghly 
14. Howrah 
15. Jalpaiguri 
I6. Jessore 
17. Khulna 
18. Malda 


DIFFERENT PROVINCES AND STATES IN INpra IN 


Popu- 

lation 
ui 

thou- 


sands. 


584 


190 
711 
60 
1075 
3117 


10207 


Percentage of 


ее, 
Mus- Hin- Othe 
lims dus 
(3) (4) (в) 
15:4 64-4 20.9 
38-1 38-1 23.8 
ü 0 100-0 
24.2 24.9 51 6 


6) 24 

1.7 30.0 

4.8 59.8 

60-7 36.9 
33 413 95.4 
83 +3 16-7 0 
96-6 3-4 0 
94:0 3.6 24 
72-4 18.8 9.0 
95 SAP 06 
91.8 6 16 
87.6 88 3 n 
72.3 27.0 E 
1-3 83.6 127 
27:4 65 $ 7 1 
84-0 14 Ты TNCS 
17.8 73-7 8 4 
23-6 72.6 3-8 
74-6 9] Te 1 
E 24 95.9 
3 320 1 x 
e 
2 40.2 9.6 
`8 34.8 0-4 
520 19 8 Бо 
$ 195 0 6 
2:0 50-6 26 a 
2 39.4 04 
P4 60.5 0-3 
56-8 37 8 5 Y 


rs 


430, 


PROVINCES 


and 
Districts, 


(1) 


BENGAL (contd), 
19, Midnapur 

20. Murshidabad 

+ Mymensingh 
Nadia 

- Noakhali 

- Pabna 

- Rajshahi 

Rangpur 

Tippera 

24-Pareanas 


28. 


Total 


BIHAR 
> Bhagalpur 
‘hamparan 
Darbhanga 
Gaya 
Hazaribagh 
Manbhum 
. Monghyr 
Я Muzaffarpur 
alaman 
Patna 
Purnen 
2. Ranchi 
* Santa] 
< Saran 
. Shahabaq 
Й Singhbhum 


0-12» 5t о 


Parga nas 


Total 


BOMBAY 

* Ahmedabaa 
Iimedanag, 

Б Belgaum 

1 Bijapur 

5 Bombay City 

6 Ombay * 

* Suburban 

L Broach & 
anch Ma} 

8. Dharwar pa 
ast Khandex 
mA ndesh 

Kanara 
olaba 

. Nasik 

t Poona 

15. Ratnagiri 

16. Satara 

А Sholapur 

* Surat 

Е Thana 

- West Khandesh 
Total 
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DISTRIBUTION OF MUSLIMS IN INDIA 


TABLE SHOWING PERCENTAGE OF Mustims, HINDUS AND OTHERS BY DISTRICTS IN THE 
DIFFERENT PROVINCES AND STATES IN INDIA IN 1941. 


Рори Percentage of Popu- Percentage of 
PROVINCES lation - — PROVINCES lation —- — — 
and in Mus- Hin- Others and in Mus- Hin- Others 
Districts, thou- tims dus Districts thou- iims dus 
sanda sands 
(1) @ ҳар (% (5) (1) (2) ) - (5) 
CENTRAL PROVINCES N. W. Е. P. (contd.) 
& BERAR 5. Mardan 507 95-5 2-3 
1. Akola 6. Peshawar 852 00-4 3-6 
2. Amraoti 
3. Balaghat Total 3038 9.8 5-9 23 
4. Betul 
5. Bhandara ORISSA 
6. Bilaspur 1. Balasore 1029 355 3-0 
7. Buldana 2. Cuttack 2431 3-0 
S. Chanda ts З. Ganjam Is 0-2 
9. Chhindwara 4.2 1. Koraput 11 0.3 
10. Drug 0-9 5. Puri 110: 2-4 
11. Hosangabad s24 "E" 6. Sambalpur 11 0-4 
12. Jubbulpore oll 71 
13. Май 1-4 Total 8728 1-7 183 20 0 
14. Nagpur 6.2 а 
15. Nimar 117 PUNJAB 
16. Raipur 1:5 1. Ambala 48-4 19-9 
17. Saugor 1:6 2. Amritsar 15:4 35. 
IS. Wardha 4:0 3. Ahock 6 4 3-2 
19. Yeotmal SSS 6-3 4. Biloch Trans- 
Tots - 4 Frontier Tract 
Petal 16814 4-7 5. Dera Gazikl an 
COORG 6. Ferozepore 14: 
Coorg т ‚му 77 ay ai 7. Gujranwala 
ти 169 8-0 77-5 13-6 ban 1105 
DELHI » Gurdaspur 1154 
Delhi OIN 33-2 8 -Gu 35 
915 33-2 61-5 0 "Ях 1170 
MADRAS 2. Hissar 1007 
l. Anantapur 7 2 3. Jhang $22 
2. Bellis i ЫТ 1 . Jhelum 630 
| 3. C lingliput man i Aullundur 
4. Chittoor 1632 9 + Kangra AEN 
5. Coimbatore 2810 6 + Karnal 1 95 
8. Cuddapah 1057 Em . Lahore 1058 
7. Godavari East. .5 ‚ Ludhiana 20 3 Э 
8. Godavari West 2 „IS allpur 2 P 4 
9. Guntur 0 . Mianwali i 124 elt: 
l0. Kistna 3 Montgomery 1329 14 4 16 14, 
11. Kurnool 1 Multan 1484 10-4 928 
12. Madras 24 Muzaffargarh 12 2 BS 
13. Madura (d Rowalpindi 20 6 0 "o 
14. Malabar 3929 0 . Rahtak 10 1 6-2 
15, Nellore 1617 «f Shapura 9.] 27 at 
16. Nilgiri« 210 6 . Sheikhupura 19 a 18 5 
17. North Arcot 257 [E Sialkot 39 16-9 5 1 
| Ts Runnad 1980 7-2 . Simla ‚+ Ы 
| 9. Sale 2.8 877 26 a 
| 20. South Arcot 229 Total 28418 57-1 26-6 16.3 
21, South kanara 14-0 SA 
22, Tanjore 6-6 SIND 330 84-8 14:9 0-3 
93. Ti = 5 1. Dadu 389 A р 1 
23. Tinnevelly 6.5 E E bad 759 66.9 32-4 0-7 
24 Trichinopoly 2194 4-2 2. ae 714 64-0 312 4:8 
25. Vizagapatam 3846 0-8 d: каше 511 81-8 17:8 155 
Total 49342 7.9 5. Nawab Shah 584 ve к) 20 9 70 
6. Sukkur 693 7 3 49-7 7-0 
JN. W F. P. 7. Thar Parkar 581 30428 9-5 0-0 
1. Bannu 296 87.2 10-5 2.3 8. Upper Sind e 
2. Dera Ismail Khan 298 85-9 13 3 1.0 Frontier TUNE 
3. Hazara 796 95-0 a L2 595 19 347 2 2 
4. Kohat 289 92.0 5:9 2-1 Total 4535 70-7 
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TABLE SHOWING PERCENTAGE OF Muss, HINDUS AND OTHERS ny DISTRICTS IN THE 
DIFFERENT PROVINCES AND STATES IN INDIA IN 1941 


PROVINCES Ln асы у Р 
NCES atio! 23 opu- Jer 
i z — STATES pu Percentage. 
and in Mus- Hin- others TATS lation — 5 
Districts Que lims dus in Mus- Hin- Others 
sands thou- lims dus 
> sands 
(1) (y в в (5) (1) 
UNITED PROVINCE 88 XQ X) ee 9) 
L. Agra 1290 15-5 82:6 1-9 47 
2. Aligar 1373 13.6 83-9 2.5 + Khasi р 
3. Allahabad 181 d 82 115 2. Manipur zi 09 1158 BT 
4. Amare : E: 0-6 99-1 03 512 3-7 59-4 34:9 
5. Azamgarh ч 23. 1951 '8T7- 2 T. г 
6. Bahraich WAI.9Rd KE ovn 726 4.3 45-2 50:5 
7. Ballia 1054 6.6 88:3 5-1 ‘ 
S. Banda 723 58 94.0 928  PALUCHISTAN | 
E Бага Banki 1163 18.3 81.6 0.1 1. Kalat 
10; party 1176 28:4 70:0 1.6 2. Karan 253 968 32 00 
1 Boae 22s 1 2 82-9 04) 3. Las Bela 34 100-0 00 0-0 
13. Bijnor 910 99 A a 8 2.0 69 971 2-9 0.0 
14. Budaun 1162 18 1 20 т 
x 2 181 79-4 5 T 
15. Buland Shahr 1317 18-5 784 25 т 356 972 2. ° 
165 1 1556 12.9 86 5 3-1 2 28 0 
7. Dehra Dun 26 z " 08 B 
18. Etah 880 11 1 рн hai кор 
19. Etawah 883 620 86.3 2.6 aroda JANEK 
20. 5 955 1278 98 2 0.8 2855 T8 60:8 154 
21. Fatehpur 807 12. 6:7— 078 
pred 13191125 ars 0-1 BENGAL 
_23--Ghaript 602 ов бйз 01 n Dar 
ORE APA par 985 9.1 88 0-4 y Mayurbhanj 641 37.9 61-6 0-5 
26. Gorakh 1720 19-1 809 23 De 991 0.6 273 7211 
20% Hamirpur 3964 10.8 86.6 0-0 513 24.0 678 8 
28. Hardoi 12% CN LM Total, bo 
30. aaun 422 664 [e 0-1 eli Jug ата 300 
. Jaunpur = * 923 1 
31. Jhansi : ' 9l. 3 CENT 
32. Khiri '6 90 3 95 E NTRAL INDIA 
345 Lucknow 3 83.6 951 2 Ie 
34. Mirzapur 2 "75.5 р 3. p, apur 97 $4 spe 118 
35. Meerut 1897 5 8 89 0 13 A Baoni 113 2.6 1-4 9:0 
36. Mainpuri ©З 23.4 73.4 992 5. araondha 25 12.0 88:0 00 
Т Moradabad 1473 302 938. 1.9 6. Bho s euni 17 0-0 82.4 17:6 
155 MUN 897 BE 56.6 4.9 7. нра 177 5-1 35-0 599 
387 Мат, Nagar 107 S ЮЗ 00 X hee 85 14-0 10.0 100 
41. Partabper 22164 82% 241 9. Chhatarp 121 2.5 92-6 4% 
42. Pi 1041 123 gw 19 11 Паца и 85 $3 Y 
1 ; 491 fot Sio 0:9 J. D. о 2*8 аў 
45), Bhahij&hLnpur 1180 33.6 2l 0-3 13. Dhar n) 89 104 865 21 
46. Sitapur E 32 17 7 81 d 2.3 H. Indore 253 11-0 Bu „1 H 
47. Sultanpur 1294 16.4 gs. 0-4 15. Таога, xD. Tal dig 38. 
43. Unao 1100 12.6 8 О 16. Thab 11 8.3 71:3 90 > 
960 95 №4 0-0 JT shania 117 17.1 769 8° 
2 is Кйе рала 178 ].7 12.9 85 5 
9. Mai, Pur 20 ` 5- 0“ 
Total 55023 15. 20 Maihar 49 2 0 950 4l 
5-3 83.9 D 215 Nagod S x 0 93-9 20 0 
5 21, zi 3- 2 2 
2 ат вв 34 852 11% 
Panna, 125 4.9 904 5:6 
We 363 2.5 917 58 
ra 23] 2.9 84.0 13 8 
ane 149 5.4 91:3 3 3 
Sailan, 126 11.1 53.2 3571 
alana 182 2 7 
Samtha, 0 24 92:2 5 
Sitaman 40 2.5 52.5 4570 
est of C 38 7.9 921 0:0 
Total "UN 4x uer 
432 7511 5.9 78:0 16i 
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OF MUSLIMS IN INDIA 


TABLE SHOWING PERCENTAGE OF Мозілмѕ, HINDUS AND OTHERS BY DISTRICTS IN THE 
DIFFERENT PROVINCES AND STATES IN INDIA IN 1941. 


Popu- 

STATES lation 
in 

thou- 

sands 
(1) (2) 


CHHATTISGARH 
Bastar 

. Changlehakar 
© Chhuikhadan 

‚ Jashpur 

+ Kalahandi 

. Konker 

7. Kawardha 
S. Khairagarh 
9. Koren 

0. Nandgaon 
à 

3 


1 h 2 — 


. Panta 
2. Raigarh 

. Sakti 
4. Sarangarh 
5. Surguja 
. Udaipur 


р Total 4051 
COCHIN 1423 


DECCAN and 
KOLHAPUR 
Akalkot 

Aundh 

Bhor 

» Janjira 

» dath 

Jamkhandi 

. Kolhapur 

8. Kurundwad (Jn.) 
9. Kurundwad(Sn.) 
10. Miraj (Jn) 

II. Miraj (S.n.) 

12, Mudhol Ыы 
13. Phaltan 

14. Ramdurg 

15. Sangli 

16. Savanur 

17. Sawantwadi 

18. Wadi 


1 2 


зе 


‘Total 2785 
GUJARAT 
1. Balasiner 0] 
2. Bansda 55 
3. Baria 189 
4. Cambay 97 
5. Chota Udepur 162 
9. Dangs 40 
7. Dharampur 123 
8. Jawhar ied 
9. Lunawada 10s 
10. Rajpipla 20 
11. Sachin 9 " 
12, Sant 18 
13. Surgana 55 


14. Rest of Agency 


Total 


25 


Percentage of 
„ 
Mus- Hindu Otherss 
lims 


0-3 
0-0 
3.0 
0.9 
о'2 
0-7 

u 

7 
24 8 
1:5 20.2 
0:2 21-6 
0-6 31-7 
1-8 25:5 
0.7 9t 0-0 
1.5 24-1 "4-4 
0-0 28-0 72-0 
0.7 540 453 
7-7 63-0 29:3 


TR 


51 co 8 


- WSA LO e 


ло Ф с ы 0 лі 


Ф х 


2 
0-0 


51 & S Sy 


* 


een 


w 
E 
Зое 


© 
8 
S 
2 
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STATES 


(1) 
GWALIOR 


Gwalior 


HYDERABAD 
Hyderabad 


KASHMIR 


(including Feudatories) 


MADRAS 


1. Banganapalle 


2. Pudukottai 
3. Sandur 


Total 
MYSORE 
Mysore 
ORISSA 
1. Athgarh 
2. Athmallik 


3. Bamra 

4. Baramba 
5. Baudh 

6. Bonai 

7. Daspalla 
S. Dhenkanal 
9. Сапериг 
10. Hindol 

. Keonjhar 

. Khandpara 
. Kharsawan 


. Nayagarh 
$. Nilgiri 

. Pal Lahara 
. Rairakhol 
. Ranpur 
20. Seraikela 

. Sonepur 
Talchar 

. Tigiria 


Total 


PUNJAB 

], Bahawalpur 
2, Chamba 

3. Dujana 

4. Faridkot 
5. Jind 

6. Kapurthala 
7. КИШЕН 

. Loha 

9. Макона 

> andi 


Total 


. Narsinghpur 


Popul- Percentage of 

lation 
in Mus- Hindus Others 

thou- lims 

sands 


e) c. uw 6 


4006 GO 86-4 7:6 


16339 12:8 81-5 5:7 


4022 76-4 20-1 3.5 
45 244 71-30 45 
438 39 91:8 4:3 
16 18-8 81:2 0-0 
499 6 4:2 


55 0-0 87:3 12'7 
73 0:0 79-4 20:6 
78 0-0 58-4 41:6 
53 0-0 90-6 9-4 
146 0.0 84-2 15-8 
93 0:0 38-7 61:3 
54 0:0 79-6 15 Ў 

324 0:3 85-8 ` 
308 1:3 23-9 74.8 
58 0-0 94 8 52 
530 04 71-1 28:5 
$7 0:0 95:4 4.6 
51 2:0 392 58,8 
48 0.0 95:8 4.2 
161 0.6 94:4 5:0 
7 0-0 82-2 17 8 
34 0:0 67.6 32-4 
38 0-0 76 3 28.7 
51 0:0 94-1 E B4 
155 1-3 46-4 52 3 
249 0-4 94 0 5.6 
86 0:0 94 2 5 8 
26 3˙8 92 3 39 
3021 0-5 70 7 9858 
ә. 5-4 

1341 82:0 12:6 5: 

169 7:1 92 3 0 

31 22.6 77 ·4 18 

199 30-6 11:1 99015 

362 141 161 27:3 

56:6 1 3 

378 10:3 9 7 
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TABLE SHOWING PERCENTAGE or Мозымз, Ніхрџѕ axp OTHERS By DIS:RICTS IN THE 
DIFFERENT Provinces AND STATES IN INDIA IN 1941. 


: Popu- Percentage 3 entage. 
STATES lation — — —À _ STATES ite — = 
à in Muss SES others in Müs- Hine others 
Бер ims, dus thou- lims dus 
8 sands 
(1) (2) (3) (4) (5) (1) (2) (3) (4) (3) 
PUNJAB HILL TRAVA NCORE 
1. Bilaspur 110 1.8 98.2 0.0 Фгауе Е "m кө Р 
2. Кава 67 37-3 44.8 17.9 р ошо 8070 7.2 58-4 34-4 
3. Sirmoor 156 4.5 93.6 1-9 
4. Tehri Garhwal 397 0-5 99.5 0.0 UP, 
5. Other States 360 3-1 96.1 0-8 1. Benares 451 8-4 90 7 0-9 
Total 1000 4.3 94.9 1.7 * Rampur 477 49-3 49.9 0:8 
I Total р р T 
RAJPUTANA 928 294 69.7 с.о 
l. Alwar 823 26-7 656 т.т ‘ 
2. Banswara 259 2.7 29 0 68.3 
3. Bharatpur 576 19.3 78:0 27 z заа 
4. Bikaner 1298 14-3 76.8 39 WESTERN INDIA 
5. Bundi 249 4.8 74% 20.5 2. Сир agar 618 81 87.7 чыз 
6. Danta 31 9-7 51-6 38.7 ал 501 23.4 5 13-1 
7. Dholpur 287 6.6 88.2 5-9 3. Dhangadhra 94 53 4 i3 
8. Dungarpur 274 3-3 37.2 50.5 3. Dhrol 34 11:8 бз 90 | 
9. Jaipur 3041 8.2 81.0 10.2 5. Eastern Kathia. 828 648 870 575 
10. Jaisalmer 93 29.0 67.; 3.3 Ё к Ageney 9 54 
II. Jhalawar 122 8.9 88-1 eux, + Gondal Si 
à 22 2 86. ; " 245 16.3 4 353 
12. Karauli Ie? Ба mx get 7. Idar 80-4 3:3 
13. Kishengarh л NAE ng 23-6 8. Jafrabad we 3-6 94-8 1.6 
14. Kotah 777 6-8 79.0 14 e 105 Junagadh 671 14 2 76 1 1 8 
15. Kushalgarh A =: - Limbdi 1 79.6 Е 
Chief Ship 41 2-4 193.9 ва. И. Morvi 142 ll-4 841 45 
1. Lawa (Estate) 3 0.01000 84 12. Nawanagar 142 9.9 85.9 4.9 
2, Marwar 8-4 83.1 825 13. Palitana м 13.3 81.4 5 3 
. Mewar 3-3 69.3 2 ЄР 14. Porbandar 6-6 86.8 6-6 
4. Patanpur 316 98 во 2942 15. Radhanpur r4 9-5 891 1.4 
+ Partabgarh а г га 6. Rajk, 13.2 82. 4:4 
6. Shahpure. 61 ^R 86 2 48.9 17. Sabar Kang) 103 10 кү 82 5 6.8 
7. Sirohit Abu 4 7 A аг 458 3. ; 6 D 
T 239 34 70.3 26.3 депсу 3.9 91.5 4.6 
„ Tonk 354 14.7 76-8 85 18. ljayanagar | 
19. Wadhwan 14 0.0 35.7 64.3 
Total 13670 9.5 75.5 15-9 20 Wankaner я 5-9 82-4 1.7 
+ * OM estorn kathi 29.1 65:4 5-5 
SIKKIM с "m dé ua n4 D l 
Sikkim 122 0.0 37-7 вә 
624 Tota] 


4906 12.3 82-9 4g 


> 
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MISCELLANEOUS NOTES 


TEST OF SIGNIFICANCE FOR INTRA-CLASS CORRELATION 
WHEN FAMILY SIZES ARE NOT EQUAL. 
Ву В.Р. BHARGAVA 
Statistical Laboratory, Calcutta. 
INTRODUCTION. 
The test of significance for the intra-class correlation when family sizes are equal was given by Fisher 
in his book "Statistical. Methods for Research Workers". 


In practice, wo often meet with cases where family sizes are unequal. Thus, if we consider a certain 
character among brothers in a family, it often happens that the number of brothers in the different families 


18 not the same. In such cases, some of the problems that arise are, 


(1) test of significance, that is, whether population correlation coefficient is equal to any assigned 
value p 


(3) to find the fiducial limits for p 

(3) to determine the best estimate of population correlation p. 

(4) to get a suitable estimate of population mean т. 

(5) to estimate intra-class correlation from family means of two unequal family sizes, the indivi- 


dual observations of the family being not known, 


ESTS OF SIGNIFICANCE. 


TU ; ily giv rvations 
Let us suppose there are n families and let the k, individuals of the ith family give the obse: 


ae) 


Va, Viz. зач (i = 1, : A х 
We consider z,, xis, , k, to be а random observation from а Кү variate normal population in which 
each of the variates has tho same mean m, and the same standard deviation c, the correlation weet Ex 
two variates being oqualto p, It may be noted that as т, о and p аге not functions of i, each family has 
tho samo mean m, tho samo standard deviation о and the same correlation coeflicient p. 


à XA ; bservation in 
Let z, be the sample mean of the ith family. The probability of occurrence of the o 
tho i-th family is given by 


1 рк NN t т) Ix 
pere (Жө con YR lac Eo(n,—m)(vij'—m Ky 
Const. e 3e [ Md oiu II dz, 
ja 
— k. — (к, — 1)/2 see SD 
where Const.— (ү 2704 (1—p) (1 -k, — I p) 


This can be written as 


1 k 8 y GS 
в LE em IAK. 
Const. e 


" itten as 
Hence the joint distribution of the sets of observations of our sample can be writte 


- К, = 
PN Seu) (p) Хх (т) (2-2) 
male! ада thle 1 Пахі) 
Const. e (2:3) 


К, (1—2) _ Scena Ne 
Tou ade 
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"Then (2.2) ean be written as 


[ Parr 4 


1—p) [S(r z) Хе!" (z— z) Xes(z—m)] 
3e:(1— 
Const. e 


паж, 
From this it is easily seen that 


ze n-zp у) 
О xii 


is distributed in the usual F distribution with n= 
18 dis! 


мш Spa "з= (Xk,—1) degrees of freedom. 

unequal) came from — 
к —Ó 

$ as а particular case if we desire 

having р —:5, all that we have to do is, to 

h ='5, 


calculate c: 
value of F by using (2:5) and consult the 


F tables, 


Thus we can with the help of the Е distribution answer any of the following 
opulation correlation is significantly different from -5 (sa. 
P 


ient is significantly greater than :5 and (iii) whether the 
cieni 
less than ‘5. 


" the 
гапа 2 by putting р= 5, and then calculate 


$a r 
questions (7) whethe 
У), (ii) whether thepopulat: 


ion coeffi- 
ion correlation соей 
population correlation e 


oefficient is significantly 

These questions are the Same as those whic 
for families of equal size. But it is useful 
the tail-ends of the F distribution, wh 
and for (iii) the tail-end on the left 


h arise in testing the Significance 
1 to note that for answ 


А 3 sider both 
ering question (7) we have to consider В 15 
ile for question (ii) we have only to consider thetail-end on the rig 


relation 
of intra-classcorrelatio: 


It is of interest to note that ( 
for equal family size and (ii) Fisher's 
class correlation when family sizes m 


() Thus if in (2- 


i) Fisher's Ж 
techni 
ау not 
5), we put д, = 


test for testin 
que of analy: 


be equal Го] 


== say then р 


g thesignificance 
sis of varianc 


low also from 


lat ion 
of intra-class correlat 


20 intra- 
e for testing the significance of in 


1 this test, 


becomes 


(2.7) 


+ 
i fisher 8 
+ And it is easily seen that Fish 


(H) Again putting p= 


9. F is equa] to 


F-Xk. 


‘ Xn 
which is the same аз that used for te: 
variance, 


Next we conside; 


3 s ual 
he Population P for the case of uneg 
(i —1) er fiducial tim 
= 5—1). 


«et us call hi цу is to first find (say) the 5 % point 
P 1S point as F, then from the equality 
Xen gs Ук 1) 
Seg ee) A 


we solve for p. From this we get that PSP, in ( 
But in our case, the Solutio; 


95 o, Г, К° 
Е n does not come out y ar ч 18 Provides Us with the lower limit Lor, 
error and graduation, Let us calculate Values of p of (2. 5): Miu, Shall follow the method of py" ED 
#6, . 7, 8 9. rious values of p say p= .1,.2, 3, . 4, 
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Su — 


-—— мл 
" CK. 
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a 
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SIGNIFICANCE FOR LN’ 
IFICANCE FOR INTRA-CLASS CORRELATION 


his с S WS :— 
s сап be prese: i 
e presented in a tabular form ах foll 
х ows: 


p Е 
u (P) F, (ay. n) 
E < Е р 
1 <=) > Ps nn 0, пка 1) 
2 2 р ` 
1 Fip=*2) > F, n=, n= (Ка l) 
3 P ino: = 
1< F(p="3) = F;(n,—n—1. по X(ki—1) 
4 1 = F(p="4) 
$ " " 1 
› 1 > Р(р=*5) > p on k,—1, n4—n—1) 
ti 1 F(p—-:6 2 Е 
| > F(e="6) > Fe (n, Tk — I. u =п—1) 
7 1 > F(pe:1) © у 1, n=n— 1) 
`8 p 8 1 
8 1 > PF(pe's) « F, (n, Xk, -I. ng n—1) 
9 oe ! 
1 > P(pz:9) < r (n,—Xk,- l, na NI) 
Ee M E 
In the al ie — 
ove table F à 
able F, = (z, н.) in column (3) indicato the 5 % point of F table corresponding to 
ues of P. 


n 
‚ and n, di 
2 degrees of fr 
eet 4 б . x 
tieni lom. Column (2) gives the value of F corresponding to particular val 
! above hypotheti > 
ypothetical table it is clear that the fiducial limits of p are given by 
This gives a rough idea, and И ai 
апа some " А Я 
the help of graduation d some more numerical vlues of P between .2 and .3, and.7 and.6 will (with 
or ‘wise E А ^ 
otherwise) give closer approximation for the fiducial limits. 


MATE OF P 


4. BESTE 
о in the above table 


The value of 
lihood of 


Next eo 

а mes the pr е « ч", 
problem of obtaining the best estimate of p. 

e of maximising the like 


which 1 г 
nakes F equi RM 
z= jual to unity is the best estimate of p, in the sens 
z=} log, F. s s ate p. in the sens 
Й 
Thus fr 
8 fro Я 

m the above table we see that р = gives F = 1. "Phi 
ed sample intra-class corre 
nethod of determining fiducial 
equal. 


1s our point estimate of p from the given 


lation r. 


sample comes аз 
mes as .4 This 
as . 4. This may be called unbiass 
limits and 


It is 
s clear fr "I 
polit оь н from the way we have proceeded that our m 
S eo сос i i i 
о; coincide with the usual methods when family sizes are 


5. ESTIMATE OF M 


Fro; T" 
т (4) it is clear that the distribution of xis 


mar" y Si Pu 


Const. e 855 
1 kii 
ов 1—1 p 
" RI 
Ik. 1 P Е 
we сап calculate the best 


nown, 
substituting for 


Thus 


ient statistic to estimate m. Thus if population p is k 
p, the sample 


Thus x is a suflie 
estimate of m. But, as is usual, if p is not known, we can estimate т, 
intra-class correlation 7, and this gives us a consistent estimate for n. 


budget enqu iries ete 


The use of this very often arises in crop surveys: 


isa consistent sample estimate of m. 
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“SLES COKRELATIONS FROM TWO хиту OF FAMILIES 
Let us suppose that there 
tively from k and А” variate norm 
and the same correlation p, 


(or totals) are known. 


are n families of size /- and n’ families of 
al populations having 
The individual readings in 
The problem is to 2 


size |". (<k) coming respec- 
the заше mean m, the same standard deviation о, 
а family are not 
et an estimate of p, 


Let Z, be the mean of the jth family of size 


known but the family means 


k зап let 7%’ be the mean of the jth family ofsize H 
Then 
ras ^ z il 
ner У zi, and ny = Pun (o1) 
ist 
also ( De (а z), and (n'— Das, Sete ge (б?) 
Then from (2.4). it is easily seen that " 
Fe TIER e (m 
Ire эз, 


15 distributed in the usual F distribution with и, = 


п —1 and и, = 
very often we can 


„ deg 
From this, 


The 


rees of freedom, 


get an estimate of p, 
1 ne агу 
=} <? < 1 which makes F 
k—1 


ШИ ТЕ 
of (6.3) equal to unity, 


М value of р, lying. between 


is the best estimate of р from нуп 
It is further 


seen that Whenever, 
Р 16 җа, —T : 
numerical value of p lying in < P < l exists Which w 


jeans, 
the ratio of the two Mean squares s; 


ill make p 


1 , 1 
is >k/k’ no sucl 


of (6.3) equal to unity; but on the 


837/892 ig <k/k’ Such a ny i j ga 
| s 8 " AM " М D D n * 
is estimate is given by i gp s | 
Е ч 
r lk Des lk) ; 
Земмдиу, 
(1) We have given a test of signi 
AE aie nificance (unknown) for testing w 
amily size being unequal, has come fr i н 
S € from Multivariate n 
Coefficient equal to p, 


^» fainilies» 
t our sample ofn fan 


s n 
тта] Populations having | 


i relati 
Population correl 


iv 


ing the fiduci 


1, This 
size is unequal. 


1e best нон of p. 
1 25 estimate for the Population те; 
SCHSSed а Connected pr. 
Means of two unequal family .« s ГЫ цр timation ор intra-clngs from fam 
Ividua] readings f the fam; С авв correlaton - family 
м amily are hot known but only 
REFERS ср 
1) Frsngn a štati | 
(1) „ В А. (1944) Statistica] Methods fi 
6 b or T 
(2) on 165) Statistical Theory of Research Workers, 9th Edition. hip 
У of Estimar у ч 
Ж, ble. “timation, Calcutta Univ rsity Reader 
ENDALL М с. (1943) Тһе Advanceq H 
| Jeory or Statistics 
Paper received + 4 April 1946, 
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ON LOCALLY MOST POWERFUL TESTS WHEN 
ALTERNATIVES ARE ONE SIDED 
By С. RADHAKRISHNA RAO asp S. JANARDHAN РОТІ 


Statistical Laboratory, Calcutta 


The concept of à most powerful test with respect to a single admissable alternative to а specified 
hypothesis Ho is due to Neyman and Pearson who, in an extensive series of articles. have advanced a general 
theory of testing ofhy potheses, A test is said to be uniformly most powerful if it is most powerful with respect 


ту admissible alternative. "Phe rarity of such tests lead Neyman and Pearson to consider tests giving 
(the hypothesis being 


to ev 


maximum power for alternatives in the neighbourhood of the specified. hypothe 
assumed measurable). Following their ideis we propose to give here tests which are locally powerful 
with respect to alternatives on one side only. This problem arose in connection with certain investigations 


that are being carried on by the authors where the alternatives on one side alone are taken into account. 


Denoting the probability density of a set of variables by pir, Ө) and the specified value of the para- 
meter @ by 8, we define a region i of the sample space as locally most powerful for one-sided alternatives if 


% . 6% mde α (level of significance) 
i 
QD egg e) da is maximum 
w 
are satisfied The following 


Where ¢ is . lor — la аге @ > 6.0r 8 < Ow 


theorem gives the 


warding as the alternative: 


mi method of determining: such regions. 
heorem : IF whater. | | 2n 
f whatever may be the region w in the sample space the integral § р" (х.б) mdv exists, then the 
w 

is so determined 


1. 


region w, within иЗ en 
tin which ep (. % > Ap (r. g and outside which ep! (1.89) NpGr.20) where X 


that e А 8 3 
w Sa ix locally most powe nful for alternatives 0>05 and «8o according as e ès + lor 


The page 11 in Research 
Memoirs 


earson (0n 


proof is à dir à д 
à Meet conseque y lue to Neyman and F 

псе of a lemina due to Ne} 
i es of constant values of 


n ibid 1936). The boundary of the above region consists of 1 деу У S i ib REOR 
°гф and/or ; (0) exceeding them isa for 
alternatives r side, On the 

then 


95 : 
. where ф is the likelihood defined by Fisher 


tabulate values such that the probability of о’ (v. Oo) 
them isa for alternatives оп the othe 


ой one side ii) exceeded by i 
and (7) exceeded bi es of a statistic T. 


other i - 
hand it the surfaces of constant Q' coincide with surfaces of constant valu 


tabulated y ч zm 
Abulated values of T may be used in tests of significance. 


in, 
size of the sample is large emerges from the following 


An important appliction of this result when the 
theorem, A 
ibutü ii rma- 

ү T ‘rity distribution, (it) the infe 
Theorem : If (i) às, g. ..а form n independent. observations from а probability d Ed s 


; ы ‚‚ to test the hy; 
tion (as defined by Fisher) of a single observation is finite and indicated by 1, then, to y Th where ф is the 
^ "Y H . "m . В б : T tic )^ (2. 84); 
value of a parameter 6, occurring in the probability distribution, 18 Во ma ed judging significance only 


liklihood of the sample, can for sufficiently large n be used as a normal dev А2 
Wiciently lar, ed. 


1 йл re One-SU 
one tail of the normal curve has to be considered when the alternatives ате on 
ly normally di: 


stributed due to central 


The proof follows from the fact that Q (x. в.) is approximate 
limit thereom and E [ (к. % HO and V [ (x. 0)]—n I. 


Paper received : 20 June 1946 
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ON THE MOST EFFICIENT DESIGNS IN WEIGHING 


Bv C. RADHAKRISHNA RAO 


Statistical Laboratory, Caleutta 


bjects to be weighed and n weighments can be made. Н 
И eri : l as an additional weight which is used in all weighments. 

-scales this may be Fin C Kem where Y = (y, у»... 590) is the row matrix of re 
e rage Oi to be determined and A isa matrix with о» y 
ета а +lor —1 (0, 1, and —1 correspond to the с 

ест d Ls ма pan). If we require that all weig 
es =. 2 1 5 aee accuracy and that this should be 
eximi T the equation AʻA=n] if the dis 
м ч. T elements of A are either + 


In case there is a bias in the 
The observational 
corded weights, T= (тү, т», 
rows and p columns with 
ases where the obje 
hts including 
the maximum p 
persion matrix of Y is 
lor —1 and any 


t is not used, or 
bias, if any, should bo 
it follows that the matirx 
form os. This equation 

e orthogonal. 


ible, 
of the 
two of its rows an 
We may take the first row to be (1,1, ....1) If the second yo 
k ae 1, then the orthogonality condition reduces to ky =k, 
and Ёз with —1, 


w contains k, e 
a third row exists which is orthogonal to the first tw 


lements with --1 
=k whence 


n is ofthe form 2k. If 


similar algebra show that nis of the 
Onstructed by mul 


rows are mutually 
common to a newly 
nogonality we 


rows with elements of the 
another, When n is a full power of 2 


at the matrix A’ in all cases, 


9 then we can by 
i i še one more row could be с 
2% and in this cas 
form 2% 


in the second and third rows so that the four 
giving the number of positives and negatives 
ВОН the system of equationa due to ort} 
then there can be at the most 2 


tiplying the Corresponding elements 
orthogonal, By 
introduced n 
arrive at the 
form +1 or —], 


i d i s 
Introducing variable 
ow and the 


other rows and 
following 


solution, If n—92*5(2m 4-1). 
mutually о 
© method giye 
uding bias, for 


which are n rthogonal to one 
3 à Procedure 
the best Possible de: 


nh sos for getting 
a + 
sign unde: 
consideration is less than or eq 


"m 280 J. 1). In 
able with the vari 


TANCE oin and the estimate of 
eedom obtained from the Sum of squares of re. 
equations. Some designs of special type have boe; 


siduals of the normal 


elling (1944) апа Kishen (1945). 


which may arise when an object of k sig Feaks í 
the weighment corresponding to the fi 

possible design. The methods of deriv; 
the case of observational equations with restrictions 
in (Rao : 1945). 


(а contingency 


$ are to bedetermined) 
У 3 are necessary for the best 
l equations, Variances and ©OVariances 
on the parameters 


of estimates in 
have been q 


iscussed by the author 


e Combination. Of у 
= Weights May no 9 the name 
'equires experimental Verificatio, re 
REFERENC Eg 


T. HorkLLING, I. (1944) 
2. Кїзнкх, К. (1945) 


п ме; "n 
ra | Weighing, Ann, of Math, Stat., 15, 297-306. 
n the design of experiments i Weigh; | 
technique, Ann, of Math, Stat, 16, 295-300 Ehing and 9ther experimental 
E Bao, ОВ, (1945) Markoff’s theorem With linear 
Part 1, 16-19, restrictions on Parameters, Sanin 7. 
Paper received : 10 Juli 1945 
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A NOTE ON CONCORDANCE 


By MONI МОНАХ MUKHERJEE 


Statistical Laboratory, Calcutta. 


If there аге k items of w А 
here are № items of work paid at the rate of e, per hour for the i-th work, usually the rates 
es, an objective estimation of 


are fixed on subjective i i Г 
subjective estimation of the hardness of the work . Sometim 


the rates is 
s is als ^ by setti т $ 8 E А 
s also made by setting up normal outputs. That is. number of units ofa particular work which 


ean be done by 
y a normal worker is obtained experimentally and a unit is paid less when a large number 


of the hour is determined @ priori. In this 


of units с ini ; 
s ean be finished in an hour. But here also the value 
preference of the 


note T sugges i 

md guest that the money equivalent of the hour may be fixed with reference to the 

ndividual workers 

Let the i 
t the ranks of the & items of work according to the first worker be аз, den. пых MG 


«'s are ре 
rmi 1 ^ : "ei . 
utations of the integers 1. 2. . К. Ultimately we get the rank matrix аз 


Hy Ge ch ** аш 
dé; Tas os 59 "awe aw 19 
ак Ma + > № 


Provi 
ided there is 
e is concordance between the rankings of the different workers, it will be logical to make the 


money А 
equivaler f = 
nt of the hour depend on а= = S аи. 
mia 


That is we will adopt the principle of paying less 


for ` 
the most preferred work 


For ex 
“xa о та = 3 
ample if @ > а > -e > @ ме сап make ei > a 9 Die 
Given a rank m = 

а rank matrix in the above form. divergence from а purely random structure can be tested 


Yu cn 
JY X* test where 
12m 3 ы 
Е as (62) 
k(k+1) i ш ) 


In ‚ Б 2 " 

ТИИ ап actual experiment concerning 10 items of work of 87 workers the value of X was found to be 
we ns 184-88 : А а " 

= 131.33 for 9 degrees of freedom . This clearly shows that the pattern in the matrix 18 by no 


Me; 
Neans random. 


Co-effiei А а Ма а 4 
general o-efficient of concordance is defined as w= 12s/m? (k3 —k) where gems (а —@)*, а being the 
ei between 0 and 1. If ba is age value of the 
pairs of columns in (1), th 
).2493 which in itself does not 


Spearman’ The value of the coefficient lies the aver 
5 rank Е + i show: 
e ank correlation between any two possible en it can be shown that 
wow ) 
indiu )(т—1). In our experiment the value of 4 
icate high e 


„has come out to bet 


oncordance. 

arrived at for large values of m and k, 

=(k—1)—2/m and ии degrees of 
of z comes to be 2.3519 with 9 and 112 

This conelusively proves that the 


but in oU test of significance of w has not been 
freedom са v == log, [(m— 10 % —w)] with 74 
degr n e shown to follow the z distribution. Our value 

grees of freedom. From z tables this is clearly seen to be significant. 


rank i 
k matrix аз а whole shows concordance. 


The actual mean values @ are given below : 

B & а Us % & @ as б дю 
8.3 6-9 31 59 55 3.8 5:2 +3 5:8 60 
ivalent of ihe hour 
е аз an VII 
t the ninth 


that the money equ 
ficance of the difference 
in the assertion tha 


Tn continuation of what has been stated earlier it may be pointed out 
can be made to depend on these values. Some method of testing signi 
add immensely to the value of the method. Аз it is, there is very 


work is more preferred than the fourth. 
Paper received : 31 January 1946. 
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T ENGAL 
OTE ON CONCENTRATION OF AGRICULTURAL WEALTH IN BENG: 
N | 


ВУ RAMKRISHNA MUKHERJEA, 
Statistical Laboratory, Calcutta ,. 

The author (1946) jointly with Mani Mohon Mukherjee has rece: 
i ine distributions n 
" eoplein Bengal the income c е meist 
умер ien the samples from Birbhum and Bogra respectively, 47 % and 41 % of the — ЫБ 

= eise 
г d to be concentrated in the hands of only 10% of all families, while the remaining 90% « 

n 
5 e 53 95 and 59 %, that is rest of the income, The samples we. 
had only 53 % з 
conclusions but the close agreement bet: 
(one sample from West and the other 


ns of 
ntly shown that in two sample 


і 
"PRarenfinbed And 
have been found to be sharply differentia 


raw final 
re not large enough to draw 
ween distributions relating to two se 


from North Bengal) probably, i 
n 
i 7 "hi 75 j : iculture. 
Bengal is an agrarian country of which about 75 % of the population depend on agrict 
onsequence, such a concentration of ing the result of marke. 
e „вис 


t 
А ide араг 
ts of villages lving wide ay 
indicates a general tendency. 


ome is obviously я 
being sown on about gg % of all cultivated land in Bengal: Th 5 
recent study of the economie condition of rural Bengal (4 Sample survey op after-effects of the Bengal T ae e " 
of 1943 by P. C. Mahalanobis, Ramkrishna Ghosh), it. hasbeen shown that in ed 
1943, before tho famine, 36 % of all rura] %% апу paddy land, 41 % had only ur 
acres, 15 95 had between 2 and 5 acres, an 

hierarchy and acute concentration of pad 

of income in rural areas to a great exte 


Paddy is the тат crop of the province 


fined 
Y 8 % had above 5 acres of paddy land. This well defin 
dy land in the hands o 


ны i isation 
f a few families explain the polari 
nt. 


Property inequalit бї 
concentration of agricultural wealth 


У is further enhanced by the — 
* This can be realised by studying the different types of peop 
interested in land in relation to produetion &nd the Proportional F 
аз а whole. As noted earlier, i 


listribution о 
ор of the Province, 
different types as regards the cultivati, 5 


of agricultural wealth, 
types of interest are foun 
to all other crops) as we 


f these types in the ped 
50 that the Production relation of 12 1 
P will indicate the nature and extent of concentrati 
in the cultivation of 

d to occur, such as, g 


qe \ ї the 
it is the main crop) al 
П as share-croppin 


in regard 
Y hired labour (fourd in reg! 
g. 


There are in all Seven types of interesi 


(1) State, receiving the revi 

(2) Zamindar and subinfeu 
share of the agricult 

(3) Jotdar who lends his h cropping an 
of paying the Tent only, 

(4) Rich farmer who owns 
aricultural labourers, 


8 Who cole 


ural wealth 88 rent, 


it realise 
t the revenue and along with it rea 


the land as à non 


. the 
№ cultivated by 
(5) Ryot, the traditional Peasant 


land and 
of an agricultural labourer į 


с 
es of e. 
paddy and harvest, 


В ional help 
‘Ultivates it himself with occasior 
Xpedieney 


an 
г fam 
uch as, for transplantation 

е tota crop, nsp 


aring 
and receives half share of the crop, be 
us the rent of the nd 


a 

s - is grown on 

А enga], hese boro is gro 

nd aman about 7 e ie buds paddy. Thé e 

а 

о н ат, after the harvest of the s ant 

“OP of the provinec PlOduetion elation in "égard to the aman paddy нига: 

Р се) will indicate the mature of concent, ation of agricu 
concentir 


oney 
wealth in Bengal, 
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AGRICULTURAL WEALTH IN BENGAL 


The Table 1 below gives the amount and proportion of neti ncome to gross obtained from апдете of 
and under aman paddy by the seven ty pes of interest as noted above, The table is derived from table 
У (b) and appendix И of the “Re port on the cost of production of crops in he principal sugar and cotton 
published by the Imperial Council of Agricultural Research in 193$. The 


tracts in India, volume VI Beng 
Survey was carried out in six villages of Rajshahi-Bogra and six villages of Birbhum districts by regular 
observation for a period of three years, 1934-35, 1935-36 and 1936-37. The authenticity of the data, there- 


fore cannot be doubted. 


In the table the income of the agricultural labourer has been derived from the proportion of the 
cost of production spent on human labour, The income of bargadar has been derived as half share of the 
total crop plus the interest earned on the capital invested for cultivation (cattle, plough, ete.) minus the 
Á of production from which rent has been deducted. The income of the vt is the farm business 
income derived as the margin of profit from the cash price and the cost of production of the crop plus the 
interest earned on the capital invested. The income of the rich farmer is derived as the farm business 
income minus the cost on hired labour. The Jotdar s income is half the share of produce minus the rent. 
The zamindar's income is the rent minus the revenue to the State which is the income of the latter. 
Incidence of revenue in the two are аз has bea adopted from “Man behind the plough"by Sir Azizul 


Haque. 


" . s 
It should be noted that the cost of production does not include the charges for self-labour. 
Fable 1, Average net and gross income received from an aere of land under aman paddy by the 
interested types during 1934-35, 1935-36 and 1936-37. 


net income percentage of net 
income to gross. 


in rupees 


3 ete — er c 
interested types Rajshahi Birbhum Rajshahi Birbhum. 
& Bogra. & Bogra. 
(1) (2) (3) (4) (5) 
БЫ р E 
tate 0 -6—0-5 1-0 2 s 
Zamindar I 4 8-1 4 9 
Jotdar 13-8 13-6 44 38 
Rich farmer 13.2 11.3 42 32 
Ryot 19-8 1448 63 42 
Bargadar 8-3 5:5 26 15 
Agricultural labourer 8:9 7.3 28 22 
Gross income 31-4 35 · 5 100 10⁰ 


It c 5 tion 

sina Коки be seen from the tablethat in both the areas, Rajshahi & Bogra and Birbhum, s OE 

MT aum RA 5777 5 highest for the jotdar (barring the ryot for the obvious et Н кс. than 
ole * * is even 

Job himself) апа lowest for the bargadar. The income of the latter is f the jotdar 


that of the agricultural! ow Ы h farmer is clos as for the 
ab income i i 
rer. The income of ric у E 1 : 


even though he has to spe T с у: 
pend some timei isi hi А : ries d г fthe 
risi 1, 1 е in supervision over the aired А sultivation. ‘hi tdar, 
and provision of plough cattle, plo г песеззаги $ the income a 


ugh, seed, manure and such othe 
on the other hand, has nothi А 2 r n tioning th: а 
ung to bother about. Incidentally it is worth men a revenue to the State indi- 


zamindar and the subinfeudatory landlords is found to be two to three times th - 


cat in w i i и р" аг 
g how terrible is the exploitation of our peasantry from various sources. 
ages in Bogra 


а ix villi 
arvey of six 
anunya erarchy and 


1 defined income hi 


Similar maldistribution of agrieultural wealth has also been noted in 
as referred to earlier. 


b : 
dab. author in 1942 as shown in Table 2 below. It may be noted that vello 
rked i : B $ iety 
; Concentration of income had been found in this sample of rural society 
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г by the interested 
eceived from an acre of land under aman paddy by the inte 
i er nd un | PS 
PE A ше ers 1941-42 in the sample of six villages from Bogra 
types duri 


net percentage of 
interested types income net to gross 
(in rupees) income, 

(1) (2) (3) 
State 0-5 : 
Zemindar 1 9 
Jotdar 18 20 
Rich farmer 16 36 
Ryot 31 69 
Bargadar 15 32 
Agricultural labour 16 36 
Gross income 15 100 


The tables indicate the nature of concentrat; 

is obvious from the tables, depends on the 
ever, as Je mtrast to self-eultivation, enue Commission Bengal 1940, expressed the 
[1аБойгёг fium would be the minimum а Кеер ап average family in reasonble 
view 110 ia E of growing nothing dy the area required would be ap 
ee the agricultural population havi 
me for an economie holding or have to take to th 
other hand, self-cultivation сап only be practised on ес 
atleast above 5” acres of paddy land. Bu 
jotdar. ‘The extent of. share-cropping 
at as noted earlier, 92 % 
remaining 8% that the hold 


ion of agricultural wealt! 
extent of Share.er 
The Land Rev 


rea required to 


hin Bengal. Its extent, how- 
opping and cultivation by hired 


comfort and 


e occupation of agri 
onomic holdings, that is. 
in this Eroup also belong 


g the rich farmer and the 
У hired labour сап now be realised from the fact 


Paddy lang below 5 acres and it is only for the 
© 5 acres, 


"ulturallabourer, Оп tho 
‚Бу the families owning 

t Obviously 

and cultivation b. 

of all rural families Possess 


ings are of the size of aboy: 


Census of 1901 and 1941 indicate that the Population of 
4:86 millions to 6:34 millions during 


agriculty 


ral labourer has increased from 
the last 40 years, Unfortunately, Precise Statistical data on 

the number of share-cropers is hardly available. According to the Previously menti 
Commission ** two-fifths of the agricultural families” E 


are agricultural labourers, This is q 
jotdar and the bargadar in our rural Шош кк, 
the existe nce of the disintegrated p е 

tioned by it. 


that is 40%, 
uite possible because, as inq; 


Numerically the jotduy and t] 
only a section of 8 % of all rural fa; 
to the concentration of the means of production, 
by the concentration of agricultural Wealth thro 
consequence, this group is undoubtedly 


he rich farmer r 
milies in Bengal, 


101 such 
economy arising out of su 


MUKHERJEA, R AND Mukznjgg 


+ М.М, (1946). 
Sankhya 7 (3)., p. 327.28 


An | ‚ 
Ote on Concentration of income in Bengal village? 
Paper received : 20 March 1946, 
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A STATISTICAL STUDY OF LABOUR IN THE 
ASSAM TEA PLANTATION* 
Ву М. V. SESHAGIRI RAO 


Labour Department, Simla, 


Vor Ass i 
Assam Plantations statisties i i 
isis foc cene TD areal $ s statisties of emigration, employment, wages, mortality ete. are available 
К A 9: ards from the Ur. P ' 15 Я i The о o 
MES L annual reports of the € у ami 
в paper is to study tl й e Controller of Emigrant Labour, he objec 
y the trends in emigration : 3 dis 
g i, employment, wages and i 1 i 
А ` g mortality as reflected in the statisti 
А 1 statistics 


available. 


Table T ien the : à 
to the Assam сет у figuros of emigration Гог the period 1930-44, of men, women and children 
1930-34, the dois Es x hi e period underdonsidsrat ion car be divided broadly into three smaller periods ; 
second World War, "The ae i y map 1935-39. the period of recovery and 1939-44, the period of the 
countries more adversely Rs ett the onset of the great depression which affected the agricultural 
dustrial countries, though the latter also suffered serious dislocation, 


TABLE Т 
“ET, ANNUAL FIGURES 
AL FIGURES OF EMIGRATION TO THE ASSAM ТЕХ GARDENS 
Year > i 
ear men wo nen children total 


59,796 
E 519 
12,764 50,997 
11,937 39,900 
15.560 47,960 


14.117 
13.362 


19.968 
$79 
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1035 8.577 7,842 

1939 9,641 33,015 
9,315 30,262 

9 z 

1041 1,192 5,497 . 24,777 

1942 6.095 6,066 18,996 

1943 14,511 

= КҮН 


and the eff. 
ect on the t $ 
nc a 5 еа industry с: 88 е А 
imber of emigrants has Кра 8 can easily be noticed in the figures of emigration during this period. The 
$ steadily "rens A & E 
у deereased during the 5 or 6 years from its initial value of about 60 thou- 


sands to about 2. 
20 thousa М 
sands in 19 
ecrease of about 65 percent. Although a slight improve- 
ation, recruitment 


ment was noticed since the 5—an immense d 
the year 19: r 
year 1934 as is reflected by the year to year increase in emigr 


never reached the predepressi 

D Pression levels. The increase in recruitment during the years 1935-36 inspite of. 
explained by the bad harvests and 
times more than what 
f labour that would be 
в 1937 and 1938. 
f emigration till 


the unsatisfact econom 
satis огу eco ic condi rt 
mic condition of the tea indus was p 
в, istry, was partly 


scarcity that prevailed i 
У din the recruiti 

ecruiting areas and a consequent labour supply 1 
the kind o 


nany 


was actually required wherefrom th 

useful. The general conditions of = Staployer could make a choice as to 
Again from 1939, when war broke E 55 eee eee ис 
the year 1942, Тһе reasons for this fall СУЙ таз Азове а а рас ж 

and Сапар Бади to BET, iB ede to be the following: (i) Certain districts like Goalpara, Kamrup 
Mathis amid асе ИА тоа outside and employ the native labour. (ii) Recruitment was 
fall in the recruitment of men as Me n аана 1 e Hee 
compared with women and children. (iii) There was @ regular demand for 


labour every wher 11 
ywhere for military purposes and the labourers were not very anxious to migrate to the tea 
however shown & Jarge increase in the 
This was mainly due probably to the 


ts of Assam. 


gardens on the comparatively very low wages. The year 1943 has 

M of emigration, about three times that in the кнг year 

employm i 
ployment of the Indian Tea Association labour in the defence projec 


ж Being printed wi 5 1083 
ing printed with the kind permission of the Government of India Labour Department. 
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We may next consider the changes if any in the pong ofthe tea 
figures are evidently different from the figures ofemigration in as ETE as 
on the plantations and also the local labour, which in fact forms a major 
It is of importance to us as reflecting to a certain extent the volume 
of the industry as a whole. Table 2 gives the av. 


gardens from year fo year. These 
they include the emigrants already 
part in the working in some places. 
9f production and the general economy 
age working strength of the estates and the figures 


TABLE 2. AVERAGE DAILY NUMBER OF WORKERS SETTLED AND FALTU 


year men women 
1934 216,468 
1935 218,742 
1936 230.653 


children total 


1937 178,596 8.487 
1938 181.197 62,644 
1939 191,999 64,918 
1940 189,407 25 
1941 185,841 

1942 180,629 2 
1943 186.021 76.183 
1944 


173,840 72,053 
ell as the faltu or. basti labour, 
year was based on the figures for two repre 
the other months were not taken into consic 
strength, unlike the cor 


include the settled as w. The estimated avera, 


Ee working strength in each 
months in the ye 


аг viz, March and 
Tt will be seen from the 
gration, has remai 

464,065 with а standar 


sentative 


leration. 


т of emigrants has 
States has been Stationary except 
1 are insignificant, 


figures of emigration therefore indicates 
has reached the 
Another interesting fac 


Saturation level. 
male labour, Thus, whereas th 
same in 1943 stands at 1:1:1. This i 
confining recruitment to mar 
the same tendeney 


30 was 17:7:6, the 
ion on emigrant labour, 
tent М g as in the ease of recruitment, 
: Strength also, 


TaBLE 3, AVERAGE DAILY EARNINGS OF SETTLED Г, 


ABOURERS oy THE TEA ESTATES 
Year Darran; Goalpara К. khi V si 
g p amrup Lakhimpur Nowgong Sibsagar Cachar Sythot Average 
ЗАРЕ, ав. ps 38 рз. as. ps. ав. ра, 5. ps à 
P as. ps, as. ps, as. ps, as, ps. 
1934 b 2 2 3 D 5 7 4 9 
% QUE TOP S NS. MEME 6 PLA 3H ux. ча 
o 1 4 8 " 25 
ioe me e ANTI „дл 2 4 2 
1937 411 pe 37 $ ] "Er ds $055 4 8 
1938 ul. 5 1 4 5 6 1 БТ 5 5 4 0 2 7 4 3 
1939 a d 52 4 6 6 7 5 2 HN & д 29 4 4 
nd „ „ $1 1" а beep ey iE 3 1 i 
SM A 3 1 5 4 
ß; E E: 
vx 5 p Toad 5 10 | 5 2 4 9 5 9 
koc ТА у $3 gH bat BB. iw 51 
Let us now consider the uesti Б 5:8 p 6i 8 
in Assam in 1922 found that on dam, penu er" Tig committo which inquired into 1а} dition? 
° gardens wages had been unch quired into labour con й 
Even the planters themselves it seems, came to recognise | 1 anged for almost a quarter of а century- 
i5 8 " H 
and granted it in 1920 Tt is not known what the Position sd Чара 14 
statistics are not available i was aft 


e was imperativo], necessary 
he early thirtees, as detailed 
ве daily earnings of settled 
> it may be Pointed out, were calcula- 
"ery увар viz., March and September. abe 
mn of Table 3. This and the 


LABOUR IN ASSAM TEA PLANTATIONS 


following caleulati < i 
culations exclude the figures for the District Goalpar& as they are found to be too irregular to 


be considered reli 
s ге 78 re c 4 ; 
d reliable: and are confined to the period 1934-41 the latter years being abnormal due to the 
the very low level of the wages 


I m The first thing that is to be noticed from these figures 

jh earl pices ; 1 

noticed ең ope = an of the deplom ble living standard of the garden coolies. The planters have 
g pack and have found it easier to retain the labourers attached to their estates by giving 

efagnegiiuedl land thus ‘converting them as part-time agriculturists. It is Ei said 

are provided with certain facilities like free fuel supply and cheap grain supply parti- 

While there is a considerable difference between the wages paid 


them pic 


that the worl 


cularly during the period of inflation. 
in the several distri 3 
istricts - : : $ 
ИВ eds of Assum — Ию highest in Lakhimpur and the lowest in Sylhet— there was practically 
3 у movement i Wie locale i nis x " " 
exact trend of ent in the wage levels in each district till the outbreak of the last war. To determine the 
of поете strai è 18 6 
аваа o7 vement, а straight line is fitted up to the average earnings for the vears 1934-41 by the 
of least squares, which gives ў С 
ауу аай Y = L7X4-46.9 
es the average earnings in pi - 
А © average earnings in pies and X stands for the years that have elapsed since 1933. 
ccording to iner T 
g to the linear movement assumed, the average yearly rate of increase in the daily earnings 
risen from Rs. -4-1 


is 1.7 pies. TI 
5. mis, the average daily с 
he average daily earnings have, according to the graduated values, 
able 


а day in 193 
À 934 to Rs, -4-9 i Е 
increase in the act 5. -4-9 in 1980 and Rs. in 1941. The years following have witnessed a consider: 
` ас rage саги} Ы re: 
uni average earnings reaching Rs. -6-8 in 1944, and this is perhaps mainly due to dearness 


allowar e 
lees paid in c "hi : s 
ash, which came into existence all over India after 1942. But this increase, when com- 


pared with the 

unprec 9 » rise i uel В . 
precedented rise in the cost of living, is very insignificant, Summing up the results of the 
evel throughout the first 


above ar i 
halysis, we servi 
А » We observe that there has been paractically no rise in the wage 1 
The apparent 


half of the dec : 

rise o No ondes апа x doubtful if there is any during the latter half. 
with the rising cost of Gene Hl M pe attributed to the extra allowances given, which did not keep pace 
not become worse 8 ade pul Be биш i the actual ee position of the garden labourer has 
average cash earnings of the faltu or » m parioa under cosideration. It may be pointed out here that the 
dered above, E hasti labourers are much lower than tliose of the settled labourers const- 
have been affecting the 
a garden labourers as 
e Statistical Abstract. 


Let us now i 
a $ now consider " 4 m 
м Turm d г how far the climate and atmosphere of the tea gardens 
E rives 
compared with the deatl gives the number of deaths per thousand among the te 
> dei rates i к 2 F. 
ath rates in general for the province of Assam as given in th 


TABLE 4. C 
ABLE 4. Comvarison or үт 
RISON OF THE DEATH RATES OF GARDEN LABOURERS WITH 


THR GENERAL DEATH RATES 


year death rates per thousand difference 
- — observed 
in gardens in Assam 

1981 19-0 43-6 

35 20:5 +2-1 

1936 18-6 14-9 

887 20-9 +250 

1938 20-0 2.2 


In all the giv: 
; given years cons; served to be far 
higher than these in the EE ры above, the death rates in the tea gardens are observed 

in general. 


TABLE 5. P А 
RCENTAGES OF DEATHS DUE TO THE SEVERAL DISEASES 
year R. i a 
espiratory Malaria Dysentry Diarrhoea Anaemia 


1934 Г 5 
1935 9 70 9-6 6-0 5 
1936 180 13-0 oro. 625 
1937 18-8 11 75 625 6-0 
1938 20.5 11:3 9 70 xn 
т 11:6 5: ES 
EE Y. n5 285 ws 
1941 Tae ey oe ba 

9 8 9-4 7-2 ondes а не plantations. 


veral important а he deaths 


as about 15 to 20 percent of t 


рей "Table 5 gives the percentages of deaths due to the se 
eaths from the respiratory deseases appear to be the most frequent. 


= 
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bel to this class. Malaria and Dysentry account for about 10 to 2: percent of this: puis 
Е por гу are Diarrhoea and Anaemia. Thus these five types are found to result. in more 
COP EC Е y wA The high frequency of the respiratory disease. 
than 50 8 bility of the garden climate particularly to the emigrant labour. 
regarding pne nis i2 = is necessary if we are to form any conclusive opinions. 
Seah bene praes may connect the various results arrived at аз follows. Itiscertain that the volume 
E B Ng gs 8 885 mM declining year by year. The inerease in 1943 over the 
SEA Un ial reasons which are temporary and the very next year namely 1944 has witnesse 
EM 1 Tea Association labourers wlio have been taken u 
e back now that the war is over, and turn to their ori 
г рав fall in emigration in the years to come, 


s gives place for doubt 
This is a matter on which 


previous year 
d à considera- 
p in the defence projects of Assam 
ginal occupation. 


Turning to the orig. 
there are two possible reasons for the downward tendency in the volume of emigr: 


Firstly, it is just possible that the planters themselves are tending tow 
more and more of native labour in place of imported labours whieh i 
themselves are perhaps not very much willing to migrate to a far 0 
tions are no better than in their own places if not worse. Т 
female and child labour is a testimony to the apparent tendency 
of the figures of wages and mortality has clearly shown that th 
satisfactory. It may therefore be concluded that the two possi 
figures of emigration year by year are not mutually exclusiv. 
produce it. If in addition, due to the expected depression, 
toa large extent, the volume of emigration wh 
experience а rapid and drastic decline, 


That is likely to result 
inal trend of events, we find that. 
ation, suggesting themselves 
ards an economie me 


thod of employing 
5 more costly, 


Secondly, the labourers 
ff place where the prospects and condi- 


he replacement of. male labour by the cheaper 


of the planfers to be economical, A study 

conditions in the plantations are not quite 
ble reasons put forth for the 
е, but have been Working sir 
prices fall and pr о 
ich has recently risen to its 


decrease in the 
multaneously to 
oduction is to be curtailed 


initial heights, may again 
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